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Abstract 

Introduction: Eutectic system of menthol (M) and camphor (C) was suitable as solvent for 
local delivery system for periodontitis treatment because local anesthetic and antimicrobial activities. 
Ibuprofen is one of drugs of choice for periodontitis treatment as anti-inflammation and pain 
managements. The local administration of ibuprofen with prolong released property was developed. 
Methods: Ibuprofen was loaded into eutectic system of M:C as the delivery system for periodontitis 
treatment. Ibuprofen-loaded eutectic system was developed. Their physical properties and drug 
released profile were investigated.  Results: The 5:5 M:C was selected as solvent in this study. The 
viscosity of ibuprofen-loaded eutectic (iES) was increased as concentration of ibuprofen increased 
and exhibited the Newtonian flow. Ibuprofen-loaded polymeric eutectic solution (PES) containing 
10% ibuprofen and 30% Eudragit® E PO in eutectic solvent showed high viscosity apparently and 
exhibited Newtonian flow. The eutectic formation was confirmed with melting behavior study under 
hot stage microscope. Melting point of 5:5 M:C was lower than that of individual menthol and 
camphor. The highest solubility of ibuprofen was obtained in dimethyl sulfoxide; however, solubility 
of ibuprofen in eutectic solvent was markedly higher than those of water or phosphate buffer solution 
pH 6.2. The ibuprofen release could be sustainable from iES and PES. Conclusion: The developed 
eutectic drug delivery system of ibuprofen was potentially for periodontitis treatment which prolong 
released property and the eutectic solvent was local anesthetic and antimicrobials agent  
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Introduction  
The eutectic system is the mixture which 

exhibits melting point suppression since the total 
entropy of system is increased (Bi et al., 2003; 
Woolfson et al., 2000). The local anesthetic and 
antimicrobial properties of menthol and camphor 
(Al-Bayati, 2009; Patel et al., 2007; Shunying et 
al., 2005; Chang, 2004) are interesting for the 
periodontitis treatment. Moreover, eutectic system 
has been increased the dissolution, permeation 
and absorption of some active compounds 
(Lazerges et al., 2010; Yong et al., 2004; Stott et 
al., 2001, 1998). Local periodontal pocket drug 
delivery has been gained the interest for 
periodontitis treatment (Esteban et al., 2009). 
Ibuprofen is nonsteroidal anti-inflammatory drugs 
(NSAIDs) which widely used to control the painful 
of dental disease (Alessandro et al., 2011). 
NSAIDs gel significantly reduced of plaque index, 
bleeding on probing and probing pocket depth 
(Amirhossein et al., 2016, Esteban et al., 2009). 
The prolonged release of local administration of 
NSAIDs solubilized in the pharmaceutical active 
solvent such as eutectic system is interesting. In 
this study, the local eutectic drug delivery system 
consisting of menthol, camphor and ibuprofen was 
developed and characterized as the potential drug 
delivery system for periodontitis treatment. 
 

Materials and Methods 

Materials 
Menthol (M), camphor (C) and ibuprofen 

were purchased from P. C. Drug Center Co., Ltd., 

Bangkok, Thailand. Eudragit® E PO was 
purchased from Rohm GmbH & Co. KG, Pharma 
Polymers, Darmstadt, Germany. Methanol was 
purchased from SK chemicals Co., Ltd., Ulsan, 
Korea. Dimethyl sulfoxide (DMSO) was purchased 
from Fluka Chemie GmbH, Switzerland, N-methyl-
2-pyrrolidone (NMP) was purchased from Sigma-
Aldrich Co., Missouri, USA, Potassium dihydrogen 
phosphate and Sodium hydroxide were purchased 
from QReC, New Zealand.  
Preparation of eutectic solvent 

The 10 g of eutectic system comprising 
various ratios of menthol:camphor (M:C) (1:9, 2:8, 
3:7, 4:6, 5:5, 6:4, 7:3, 8:2 and 9:1) were prepared 
in glass bottle and stirred on magnetic stirrer for 
12 h. The physical appearance of each eutectic 
system was observed. The obtained clear eutectic 
systems were investigated their viscosity and 
rheology. The eutectic system which exhibited the 
lowest viscosity was selected as eutectic solvent 
in this study. 
Preparation of ibuprofen eutectic solution (iES) 

The 10%, 20% and 30% w/w ibuprofen in 
selected eutectic solution were prepared in glass 
bottle and stirred on magnetic stirrer for 12 h  
Preparation of ibuprofen-loaded polymeric 
eutectic solution (PES) 

30% w/w Eudragit® E PO and 10% w/w 
ibuprofen were loaded in eutectic solvent in glass 
bottle and stirred on magnetic stirrer for 12 h. 
Viscosity and rheology measurements 

Eutectic solvent and ibuprofen eutectic 
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solution were determined their viscosity and 
rheology behaviors using Brookfield viscometer 
(DV-III Ultra programmable rheometer, Brookfield 
engineering laboratories, Inc., Middleboro, USA) 
with a cone No.40. The viscosity of each system 
was collected at second 5 at room temperature 
(n=3). The rheology was run at room temperature 
using cone-and-plate geometry with a cone No. 
40 (n=3).  
Hot stage microscopy (HSM) 

Melting behavior of menthol and 
camphor was investigated using hot-stage 
microscope (stage made by Mettler Toledo on an 
Olympus microscope) at magnification of 100x. 
Fine powder of each sample was placed onto a 
glass slide and covered with a cover slip. 
Measurement temperature was in range of 30°C 

to 200°C with heating rate of 10°C/min. 
Solubility of ibuprofen in various solvents 

The solubility of ibuprofen in phosphate 
buffer solution (PBS) pH 6.2, distilled water, 
DMSO, NMP and eutectic solvent was 
investigated. Ibuprofen was added in each solvent 
until obtained saturated solutions. The supernatant 
of each system was diluted and measured 
amount of ibuprofen using UV spectrophotometer 
(Perkin-Elmer, Germany) at 220 nm (n=3). The 
solubility of ibuprofen in each solvent was 
calculated as mg of ibuprofen in 1 ml of solvent 
(mg/ml). 
Drug release study 

Ibuprofen eutectic solution and ibuprofen-
loaded polymeric eutectic solution (0.5 g) was 

evaluated for drug release by dialysis tube method 
using shaking incubator (NB-205, N-Biotek, Korea) 
(n=3) at 50 rpm and 37°C. The 100 ml phosphate 
buffer solution pH 6.2 was used as release 
medium. The amount of drug released at specific 
time interval was measured using UV 
spectrophotometer at 220 nm. 
Statistical study 
 All results were reported as mean and 
standard deviation. 
 

Results  
The clear liquid eutectic was obtained for 

the mixture of M:C in the ratio of 5:5 to 8:2. The 
5:5 M:C exhibited the lowest viscosity as showed 
in Figure 1 because this ratio was the eutectic 
point exhibiting the lowest melting point of this 
system (Phaechamud et. al, 2015). The system of 
M:C at ratio 5:5 was selected as eutectic solvent 
in this study. This solvent consisted of the 
compounds which synthesized mimic the natural 
compound that low toxicity and edible thus this 
solvent was introduced as the green solvent 
(Parjikolaei et al., 2015). 
 

 
Figure 1 Viscosity of M:C eutectic system 
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Viscosity and rheology  
Viscosity of iES was increased as 

concentration of ibuprofen increased. The PES 
exhibited high viscosity as showed in Figure 2 
because eudragit® E PO is viscosity inducing 
agent. However all system showed the Newtonian 
flow behavior thus administration of this system 
was easily performed.  
 

 
Figure 2 Viscosity of eutectic solvent, iES  

and PES 
 

Hot stage microscopy (HSM) 
The melting point of menthol 

demonstrated around 40°C as shown in Figure 3. 
The transformation from powder into melted 
menthol was evident. However, menthol and 
melted menthol sublimated and evaporated while 
melting.  

 

30°°°°C 40°°°°C 43°°°°C 

Figure 3 Melting behavior of menthol under HSM at 
magnification of 100x 

 
 
 

Nevertheless the melting behavior of 
camphor could not be detected because camphor 
had high sublimation rate thus sublimating 
behavior was observed before their melting. 
Melting point of camphor was reported around 
175°C (Phaechamud et. al, 2015). The 
sublimation of camphor is shown in Figure 4. 
Melting point of menthol and camphor was higher 

than room temperature (28°C) but the mixture of 
5:5 M:C melted at room temperature indicating the 
behavior of the eutectic mixture. 

 

30°°°°C 80°°°°C 88°°°°C 

Figure 4 Sublimation behavior of camphor under 
HSM at magnification of 100x 

 

Solubility of ibuprofen in various solvents 
Solubility of ibuprofen in different 

solvents is presented in Table 1. The solubility of 
ibuprofen was as following: DMSO > NMP > 
eutectic solvent, respectively. However, solubility 
of ibuprofen in eutectic solvent was significantly 
higher than that in water. Solubility of ibuprofen in 
water and PBS pH 6.2 was less than 2 mg/ml.  
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Table 1 Solubility of ibuprofen in various solvents 

Solvent Solubility (mg/ml) ± SD 

Eutectic solvent 501.36±12.00 

Water 0.20±0.00 

PBS pH 6.2 1.77±0.06 

DMSO 1,369.77±3.17 

NMP 1,247.47±10.35 
 

 
Eutectic solvent containing menthol and 

camphor could load high amount of ibuprofen 
notably. This solvent was interesting for local 
treatment of periodontitis because menthol and 
camphor have local anesthetic and antimicrobial 
activities as reported previously (Al-Bayati, 2009; 
Patel et al., 2007; Shunying et al., 2005; Chang, 
2004). 

 

Drug released  
The iES and PES prolonged the 

ibuprofen release as showed in Figure 5. The 
release rate of ibuprofen was higher in the 
systems with lower viscosity. The lowest drug 
release rate was obtained from PES because this 
system had eudragit® E PO to retard the diffusion 
of drug release because eudragit® E PO is water 
insoluble polymer (Flora et al., 2008). The drug 
release rate from PES was slower when 
concentration of ibuprofen was decreased. The 
success of topical subgingival gels treatment with 
2.5 %w/w ibuprofen gel has been reported 
recently (Amirhossein et al., 2016). This study 
indicated that eutectic mixture containing eudragit®  

 
E PO could be used as local drug delivery system 
with adjustable released rate of drug for 
periodontitis treatment. 
 

 
Figure 5 Release of ibuprofen from iES  

and PES 
 

Discussions and Conclusion 
The eutectic solvent comprising 5:5 M:C 

could be used as eutectic solvent for ibuprofen. 
The addition of eudragit® E PO into this system 
could modulate the drug release. The 
achievement for sustainable drug release using 
this eutectic system should be applicable for 
periodontitis treatment. Moreover, menthol and 
camphor used as eutectic compounds have local 
anesthetic and antimicrobial activities thus this 
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ibuprofen-loaded eutectic system exhibited as the 
potential delivery system for periodontitis 
treatment. 
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