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Abstract: Diclofenac is a nonsteroidal anti-inflammatory drug (NSAID) that exhibits 

anti-inflammatory, antinociceptive, and antipyretic activities. Liposomes have been shown to 

improve the therapeutic efficacy of encapsulated drugs. The present study was conducted to 

compare the antinociceptive properties between liposome-encapsulated and free-form diclofenac 

in vivo via different nociceptive assay models. Liposome-encapsulated diclofenac was prepared 

using the commercialized proliposome method. Antinociceptive effects of liposome-encapsulated 

and free-form diclofenac were evaluated using formalin test, acetic acid-induced abdominal 

writhing test, Randall–Selitto paw pressure test, and plantar test. The results of the writhing 

test showed a significant reduction of abdominal constriction in all treatment groups in a dose-

dependent manner. The 20 mg/kg liposome-encapsulated diclofenac demonstrated the highest 

antinociceptive effect at 78.97% compared with 55.89% in the free-form group at equivalent 

dosage. Both liposome-encapsulated and free-form diclofenac produced significant results in 

the late phase of formalin assay at a dose of 20 mg/kg, with antinociception percentages of 

78.84% and 60.71%, respectively. Significant results of antinociception were also observed in 

both hyperalgesia assays. For Randall–Sellito assay, the highest antinociception effect of 71.38% 

was achieved with 20 mg/kg liposome-encapsulated diclofenac, while the lowest antinociceptive 

effect of 17.32% was recorded with 0 mg/kg liposome formulation, whereas in the plantar test, 

the highest antinociceptive effect was achieved at 56.7% with 20 mg/kg liposome-encapsulated 

diclofenac, and the lowest effect was shown with 0 mg/kg liposome formulation of 8.89%. The 

present study suggests that liposome-encapsulated diclofenac exhibits higher antinociceptive 

efficacy in a dose-dependent manner in comparison with free-form diclofenac.
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Introduction
The development of new drug formulations with improved safety and efficacy is 

always needed in order to achieve better therapeutic outcomes. However, invention 

of new drug formulations is costly and time-consuming, and hence various methods, 

including individualizing drug therapy, therapeutic drug monitoring, targeted drug 

delivery, and drug delivery at a slow and controlled rate, were developed to enhance 

the safety efficacy ratio of previously invented drugs.1

Application of nanotechnology to pharmacology has grown extensively in the 

past few decades, with the progressive development of biological delivery carriers for 

various active compounds. These delivery systems, which are comprised of various 

formulation approaches such as oily liquids, mixed micelles, self-emulsifying systems, 

solid lipid nanoparticles, liposomes, etc., are capable of overcoming anatomical and 

physiological barriers and transporting drugs effectively from the site of administration 
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to the desired site of action.2,3 Among the various approaches, 

liposomal drug delivery systems have attracted considerable 

interest from researchers as liposomes have shown promising 

results in altering the bioavailability of entrapped therapeutic 

agents, thus improving the drug therapeutic index in terms of 

longevity, targetability, drug safety profiles, and therapeutic 

efficacy.4 In fact, several successful liposomal formulations 

are currently available commercially in the market and have 

been used in the treatment of clinical diseases.5,6

Liposomes, spherical unilamellar or multilamellar self-

closed structures with an aqueous core encapsulated by 

phospholipids, are effective pharmaceutical carriers because 

of several unique features, namely, their ability to encapsulate 

a broad range of hydrophilic and hydrophobic drugs, their 

biocompatibility, biodegradability, nontoxicity and nonim-

munogenicity, and their ability to alter drug bioavailability, 

thus improving drug therapeutic efficacy.5,7 Previous stud-

ies have shown that liposomes serve as an effective tool in 

the delivery of a wide range of antiviral and antimicrobial 

agents, antifungal drugs, and chemotherapeutic agents and 

vaccines.8,9 Hence, utilization of this promising liposomal 

delivery system to enhance the antinociceptive properties 

of diclofenac is a clearly worthy attempt.

Diclofenac is a popular choice of nonsteroidal 

anti-inflammatory drug (NSAID) worldwide, and is com-

monly used as anti-inflammatory, analgesic, and antipyretic 

agents for the treatment of osteoarthritis, rheumatoid arthritis, 

ankylosing spondylitis, acute musculoskeletal injury, post-

operative pain management, and sometimes in the relief of 

primary dysmenorrhea syndrome.10,11 Diclofenac reduces 

inflammation, swelling, and arthritic pain by direct inhibition 

of cyclooxygenase isozymes (COX-1 and COX-2) peripher-

ally in injured tissues as well as in the central nervous system, 

which leads to the inhibition of prostaglandins production 

from arachidonic acid.12,13 In addition, diclofenac also exerts 

its action via the inhibition of the thromboxane-prostanoid 

receptor and lipoxygenase enzymes, and the activation of 

nitric oxide-cGMP antinociceptive pathway.14 In the pres-

ent study, antinociceptive activity of liposome-encapsulated 

and free-form diclofenac was evaluated in vivo via different 

nociceptive assay models.

Materials and method
Materials
Diclofenac sodium salt and carrageenan, commercial grade, 

Type I were purchased from Sigma-Aldrich® (St Louis, MO, 

USA). Further, dimethyl sulfoxide (DMSO) 99.5% from 

Sigma®Life Science (USA), Pro-lipo™ Duo from Lucas 

Meyer Cosmetics (Champlan, France), acetic acid 100% 

from AnalaR® (WWR International Ltd. Poole, BH15 ITD, 

England, UK), and formaldehyde solution 37%–38% w/w 

stabilized with methanol from HmbG® Chemicals was pur-

chased. Sartorius CPA224S laboratory balance and C-MAG 

HS 7 IKAMAG® magnetic stirrer were used for drug sample 

preparation. Ugo Basile dynamic plantar aesthesiometer and 

Ugo Basile 37370 plantar test (Hargreaves apparatus, Ugo 

Basile, Varese, Italy) were used for mechanical and thermal 

hyperalgesia test, respectively.

Animals
Healthy adult male Sprague Dawley rats (180–220 g) and 

male Balb/C mice (25–35 g) maintained in a 12-hour light–

dark cycle at a controlled ambient temperature (25°C±2°C) 

with food and water ad libitum were used for the present 

study. The procedures in the present study were approved by 

the Animal Ethics Committee of Universiti Putra Malaysia 

(UPM/IACUC/AUP-R048/2013) and were performed in 

accordance with the Institutional Animal Ethics Committee 

(IAEC) guidelines.

Liposome sample preparation
Loaded liposomes with model drug, diclofenac, and blank 

liposomes were prepared in accordance with the manufac-

turer’s (Lucas Meyer Cosmetics) instructions with some 

modifications. Preparation of liposome was carried out at 

room temperature (25°C±2°C) via a previously published 

method.15

Briefly, a fresh stock solution of diclofenac (60 mg/mL) 

was prepared daily by dissolving a predetermined quantity 

of diclofenac sodium powder in DMSO. Next, 1 mL of the 

stock diclofenac solution was added gradually to 5 g of 

Pro-lipo™ Duo in a beaker with moderate stirring (±100 rpm) 

for 1 hour. The mixture was then gradually hydrated with 

9 mL of distilled water with moderate stirring for 10 hours. 

About 25 mL of distilled water was then added gradually with 

moderate stirring for 30 minutes to complete the process. 

Drug-loaded liposome prepared should be stored at 2°C–8°C. 

Blank liposomes were prepared with a similar procedure by 

replacing the stock diclofenac solution with DMSO.

Characterization
The drug entrapment and size profiles of the freshly prepared 

liposomal samples (duplicate samples from three individual 

batches, n=6) were evaluated by the UV-visible spectrophoto-

metric and photon correlation spectroscopy methods, respec-

tively, as published elsewhere.16 Morphological observations 
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of blank and nanoliposome-encapsulated diclofenac were 

then carried out by a Hitachi H7100 transmission electron 

microscope (JEOL, Ltd., Tokyo, Japan).

Acetic acid-induced abdominal 
writhing test
The acetic acid-induced abdominal writhing test was per-

formed according to Parker et al17 and Zakaria et al.18 Male 

Balb/C mice were placed in the transparent Perspex observa-

tion chamber for 20 minutes prior to the experiment to adapt 

to their surroundings. The mice were equally divided into 

eight groups (n=6) and were orally administered different 

dosages of the treatment drug. 30 minutes after pretreatment 

each group was administered 0.6% (10 mL/kg) acetic acid 

via intraperitoneal injection. After a 5-minute lag follow-

ing the acetic acid administration, the number of writhings 

(abdominal constriction followed by extension of the hind 

leg) was observed in a period of 30 minutes.

Formalin test
The formalin test procedure was similar to that described pre-

viously by Bukhari et al19 and Zakaria et al20 Sprague Dawley 

rats were placed in a Perspex observation chamber for 20 

minutes prior to the experiment for the purpose of adaptation. 

Rats equally divided into eight groups (n=6) were injected 

with 50 μL of 2.5% formaldehyde via intraplantar route into 

the right hind paw 30 minutes after oral administration of 

the treatment drug. The pain effect shown by the amount of 

time the animal spent flinching or biting the injected paw was 

recorded at 0–5 minutes (early phase) and 15–30 minutes 

(late phase) after the injection of formalin.

Randall–Sellito paw pressure test 
(mechanical hyperalgesia)
This paw pressure test was conducted according to the 

method described by Woode et al21 and Zakaria et al22 The 

rats were placed on the Ugo Basile dynamic plantar aesthe-

siometer for 20 minutes prior to the experiment to enable 

them to adapt to their surroundings. Around 30 minutes 

after oral administration of the treatment drug, 50 μL of 

1% carrageenan was injected into their right hind paws via 

intraplantar injection. A constant force of 20 g/s was applied 

to the injected paw with cutoff time at 30 seconds, and the 

response time for nociceptive behavior (withdrawal of the 

injected paw) was recorded every hour for a continuous 

5-hour interval.

Plantar test (thermal hyperalgesia)
The Hargreaves radiant heat method was carried out as dem-

onstrated by Tao et al23 The rats were placed individually in 

clear plastic chambers of the Ugo Basile plantar test apparatus 

for 20 minutes prior to the experiment for the purpose of adap-

tation. 30 minutes after oral administration of the treatment 

drug, 50 μL of 1% carrageenan was injected into their right 

hind paws via intraplantar injection. Heat stimulation was 

applied at IR 50 (infrared intensity 50) on the injected paw 

with a 30-second cutoff time. Paw withdrawal latency time 

was measured every hour for a continuous 5-hour interval.

Results
Characterization of liposomal samples
The drug entrapment and size profiles of the liposomal 

samples used in the present work are shown in Table 1. 

Satisfactory drug entrapment and size profiles of 87% and 

260 nm, respectively, were obtained by the previously opti-

mized proliposome preparation method. Liposomes were 

seen to be a population of spherical self-closed structures 

with concentric lamellae under a Hitachi H7100 transmission 

electron microscope (Figure 1).

Acetic acid-induced abdominal 
writhing test
The effect of different treatments on antinociceptive activ-

ity via the acetic acid-induced abdominal writhing test is 

shown in Figure 2. All treatment groups showed significant 

antinociceptive activities as compared with the control group. 

Statistical analysis also indicated that liposome-encapsulated 

diclofenac exhibited a significantly greater antinociceptive 

response when compared with its nonencapsulated form of 

0.2, 2, and 20 mg/kg doses.

Table 1 Entrapment and size profiles of liposomal samples

Liposomal sample Entrapment capacity  
(µg diclofenac/g Pro-lipoTM)

Entrapment (%) Particle size (nm) Polydispersity index

Diclofenac-loaded liposomes 854.7±21.5 87.4±1.3 260.2±9 0.27±0.013
Blank liposomes N/A N/A 296.9±5.9 0.32±0.015

Note: Values shown are mean ± SEM (n=6/group).
Abbreviations: N/A, not applicable; SEM, standard error of the mean.
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Formalin test
The antinociceptive activity, which was indicated by the 

reduction in the paw licking time of the animals, was 

observed in a dose-dependent manner in both early and 

late phases of the experiment (Figure 3). A significant 

increase in pain inhibition was observed in the late phase 

(inflammatory phase) for all groups compared with those of 

the early phase (neurogenic phase). Liposome-encapsulated 

diclofenac showed better inflammatory pain inhibition when 

compared with the respective nonencapsulated form of all 

equivalent dosages, with the highest pain inhibition achieved 

by 20 mg/kg liposome-encapsulated diclofenac at 78.84%.

Figure 1 Transmission electron microscope image of (A) blank liposome and (B) diclofenac sodium-loaded liposome.

Figure 2 Effects of different treatments of liposome-encapsulated and free-form 
diclofenac on acetic acid-induced abdominal constriction in mice.
Notes: Values shown are mean ± SEM (n=6/group). *Significant difference (P0.05) 
when compared with control (diclofenac, 0 mg/kg); #Significant difference (P0.05) 
when compared with group of equivalent dosage of diclofenac.
Abbreviations: Lipo, liposome-encapsulated diclofenac; SEM, standard error of 
the mean.

Figure 3 Effects of different treatments of liposome-encapsulated and free-form 
diclofenac on paw licking time in rats.
Notes: Values shown are mean ± SEM (n=6/group). *Significant difference (P0.05) 
when compared with control (diclofenac, 0 mg/kg).
Abbreviations: Lipo, liposome-encapsulated diclofenac; SEM, standard error of 
the mean.
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Randall–Sellito paw pressure test 
(mechanical hyperalgesia)
Statistical analysis indicated that all treatment groups showed 

significantly greater tolerance of mechanical hyperalgesia 

compared with the control group (Figure 4). Liposome-

encapsulated diclofenac exhibits a greater tolerance for 

carrageenan-induced mechanical hyperalgesia at various 

experimental time points compared with its nonencapsulated 

form at all equivalent dosages. The highest percentage of 

inhibition, at 109.4%, was observed at the second hour after 

carrageenan injection in rats treated with 20 mg/kg liposome-

encapsulated diclofenac.

Plantar test (thermal hyperalgesia)
The results of carrageenan-induced thermal hyperalgesia 

showed significant prolongation of paw withdrawal laten-

cies at various experimental time points in all treatment 

groups when compared with the control group (Figure 5). 

Liposome-encapsulated diclofenac exhibited a greater toler-

ance of carrageenan-induced thermal hyperalgesia when com-

pared with the nonencapsulated group at respective dosages. 

Statistical analysis also showed significant differences at the 

fourth and fifth hours when 20 mg/kg liposome-encapsulated 

diclofenac was compared with free-form diclofenac of 

equivalent dose.

Discussion
Pain and inflammation have been involved in various patho-

logical conditions such as arthritis, vascular diseases, and 

cancer.24,25 Liposomal delivery systems, with their ability to 

improve a drug’s therapeutic efficacy, are therefore of impor-

tance in achieving effective disease management. It is widely 

accepted that pain sensation can be evaluated by nociceptive 

tests (dolorimetry in animals) based on overt behavioral 

responses or nociceptive reflex responses directly triggered 

by a noxious stimulus.26 In the present study, we evaluated the 

antinociceptive effects between liposome-encapsulated and 

free-form diclofenac via several well-established nociception 

assays with different pain stimuli (thermal, mechanical, or 

chemical) and specificities.

Figure 4 Effects of different treatments of liposome-encapsulated and free-form 
diclofenac on rats’ paw pressure threshold at various experimental time points.
Notes: Values shown are mean ± SEM (n=6/group). *Significant difference (P0.05) 
when compared with control (diclofenac, 0 mg/kg); #Significant difference (P0.05) 
when compared with group of equivalent dosage of diclofenac.
Abbreviations: Lipo, liposome-encapsulated diclofenac; SEM, standard error of 
the mean.

Figure 5 Effects of different treatments of liposome-encapsulated and free-form 
diclofenac on paw withdrawal latencies of rats at various experimental time points.
Notes: Values shown are mean ± SEM (n=6/group). *Significant difference (P0.05) 
when compared with control (diclofenac, 0 mg/kg); #Significant difference (P0.05) 
when compared with group of equivalent dosage of diclofenac.
Abbreviations: Lipo, liposome-encapsulated diclofenac; SEM, standard error of 
the mean.
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Nanoencapsualtion of diclofenac via Pro-lipo™ Duo, 

a commercially available proliposome mixture consisting 

of water, alcohol, glycerin, and phosphatidylcholine, has 

been shown to be able to produce an optimum formulation 

with a high drug entrapment efficacy and enhanced drug 

therapeutic properties. Our previous study demonstrated that 

nanoencapsulation of diclofenac via Pro-lipo™ Duo with a 

higher drug concentration, 10 hours’ hydration time yields a 

small (300 nm), homogeneous (polydispersity index, 0.27), 

stable, and reproducible formulation that exerts improved 

anti-inflammatory effects when compared with free-form 

diclofenac of equivalent dosage.16

The acetic acid-induced writhing test is a sensitive screen-

ing assay that is commonly used to study both central and 

peripheral antinociceptive responses,27 whereas the formalin-

induced paw licking test is well established in the elucidation 

of a compound’s mechanism of action at both the peripheral 

and central levels, where the early phase is characterized by 

neurogenic pain as a result of direct nociceptors stimulation 

in the paw and the late phase is characterized by inflamma-

tory pain response due to the release of algogenic substances 

from damaged tissues.28 Data obtained from the present study 

revealed that both liposome-encapsulated and free-form 

diclofenac exhibited dose-dependent pain inhibitory activities 

that were characterized by a significant reduction in writhing 

effect. Further evaluation via the formalin test suggested 

that liposome-encapsulated diclofenac is more effective in 

suppressing inflammatory pain and that stronger peripheral-

mediated antinociceptive activity could be attained using the 

present liposomal formulations. Indeed, encapsulation with 

liposomes29 or other materials30–32 will significantly improve 

a drug’s efficacy, and thus reduce its side effects by using 

lower doses.33

Similarly to other NSAIDs, the usage of diclofenac 

is often associated with gastric mucosal erosion, ulcer-

ation, hemorrhage, epigastric pain, and platelet dysfunc-

tion owing to the inhibition of prostaglandin synthesis by 

cyclooxygenase enzyme (COX).33 Conventionally prescribed 

diclofenac formulation has also been reported to be more 

commonly associated with hepatotoxicity, gastrointestinal 

toxicity, and renal toxicity, especially during prolonged 

administration.34–36

Inflammatory pain involved complex mechanisms that, in 

general, are defined as a combination of spontaneous pain and 

hyperalgesia. The hyperalgesic response or enhanced sensi-

tivity to pain after an inflammatory stimulus is characterized 

by a peripheral sensitization of nociceptors and nociceptive 

neurons through alteration in nervous system plasticity to 

inflammatory mediators released.37,38 Recent works have 

demonstrated the potential benefits of liposomal formula-

tions in reducing hyperalgesic responses to mechanical and 

thermal stimuli with frequently used carrageenan-induced 

inflammation models. Data on recent hyperalgesia tests 

showed significant elevation in an animal’s nociceptive 

thresholds to both mechanical and thermal stimuli with 

increased tolerance toward hyperalgesic response in all 

treatment groups compared with the control group, and 

higher antinociceptive effects when treated with liposome-

encapsulated diclofenac.

Conclusion
In conclusion, the present study revealed that enhanced anti-

nociceptive effects can be achieved in vivo by liposomal drug 

formulation of diclofenac. Liposome-encapsulated diclofenac 

was shown to exhibit greater antinociceptive effects when 

compared with the nonencapsulated form of diclofenac in 

animal models. Improved drug delivery and efficacy can be 

attributed to the ability of liposomal drug delivery systems 

to enhance drug solubility and effective delivery of their 

encapsulated contents to the site of action.
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