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Abstract 

 
Eutectic system is the mixture of at least two substances that suppresses melting point for each of 

them. The viscosity enhancement of liquid eutectic by polymer addition might increase the viscous 
environment for retardation of drug release. Typically, there are rare polymers that can dissolve in the liquid 
eutectic. The aim of this study was to develop the polymeric eutectic delivery system for controlling the drug 
delivery. Liquid eutectic used as vehicle was prepared by mixing menthol and camphor in various ratios. 
The obtained lowest viscosity liquid eutectic was used as vehicle in this study. Various polymers were 
attempted to dissolve in this vehicle to prepare the polymeric eutectic system. Different physical properties 
of selected polymeric eutectic system were evaluated. Viscosity and rheology were evaluated by brookfield 
viscometer. Contact angle on glass slide and polydimethylsiloxane (PDMS) coated slide and interfacial 
tension were measured by goniometer. The polymeric eutectic system selected for controlling the drug 
delivery contained 30%w/w eudragit® EPO in 1:1 menthol:camphor. This system could be injectable with 
the newtonian flow property. Contact angle and interfacial tension indicated the hydrophobic characteristic 
of developed system which it was suitable to sustain the drug release. Various drugs were tested for 
incorporating in this developed liquid eutectic. Ibuprofen was the most suitable drug because of its high 
solubility in this system. Solubility of ibuprofen in liquid eutectic was higher than that in water about 
1.1×104 folds. Viscosity of liquid eutectic increased as a function of ibuprofen concentration with the 
newtonian flow behavior. Drug released from this polymeric eutectic system were tested by dialysis tube 
method at 50 rpm and 37oC. The sustainable drug release could be obtained longer than 7 days with release 
kinetics primarily as diffusion control. Therefore this developed polymeric liquid eutectic was suitable as the 
new controlled drug delivery system such as for periodontitis treatment and other injectable dosage forms. 
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Introduction 
 
 Eutectic system is a two or more composition 
mixture that suppress the melting point of each 
pure compound due to the increased total entropy 
of systems.(1,2) For pharmaceutical field, the eutectic 
system has been applied in many proposes such  
as increase of drug solubility, permeation and 
absorption(3-6) or applying as oil phase in emulsion 
system.(7,8) In addition, the system of liquid eutectic 
consisting of quaternary ammonium salts and organic 
compound has been used as deep eutectic solvent 
(DES)(9-12) that was less toxic, cheap, biodegradable 
and non flammable(9). Menthol has typically used 
as eutectic components having the pharmaceutical 
actions such as local anesthetic, pain reliever, 
antipuritic, antiflatulent(13) and antimicrobials.(14) 
Moreover, menthol is a permeation enhancer.(13) 
Menthol could form the liquid eutectic at room 
 
 

temperature with camphor that is the active agent 
for analgesic, anti-inflammatory, carminative(15) 
and antimicrobials.(16-17) In our previous work, the 
mixture between menthol-camphor, menthol-borneol, 
menthol-N-Ethyl-5-methyl-2-(1-methylethyl) 
cyclohexane-carboxamide (WS-3) were tested for 
their eutectic formation behavior.(18) The liquid 
eutectic delivery system such as liquid suppository 
could increase the drug bioavailability.(5) To prolong 
drug release the polymer could be alternatively 
incorporated in the delivery system for retardation 
of drug diffusion. The attempt of this study is to 
investigate the suitable polymeric material and 
drug which can dissolve in the selected eutectic 
mixture. The sustainable release property of 
incorporated drug with the obtained system was 
tested. To develop the polymeric eutectic drug 
delivery system, various polymers and drugs were 
incorporated in liquid eutectic containing menthol 
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and camphor. The physical properties, released test 
and release mechanism of developed system were 
evaluated. 
 
Materials and Experimental Procedures  
 
Materials 
 

Menthol (M) and camphor (C) were purchased 
from P. C. Drug Center Co., Ltd., Bangkok, Thailand. 
Poly(butylenes succinate) (PBS), polylactic acid 
(PLA), poly-3-hydroxy butyrate-co-valerate (PHBV) 
were kindly provided by SCG, Rayong, Thailand. 
Ethylene-vinyl acetate (EVA) was kindly provided by 
Shelic, Bangkok, Thailand. Eudragit® L100, eudragit® 
S100, eudragit® RL PO, eudragit® RS PO and 
eudragit® EPO were purchased from Rohm GmbH & 
Co. KG, Pharma Polymers, Darmstadt, Germany. 
Sylgard® 184 polydimethylsiloxane (PDMS) was 
purchased from Dow corning corporation, Midland, 
USA.  N-methyl-2-pyrrolidone (NMP) was purchased 
from Acros organics (Geel, Belgium). Ibuprofen 
paracetamol, chloramphenical, dichlofenac sodium, 
piroxicam, aspirin, indomethacin and clotrimazole 
were supplied by P.C.Drug Center Co., Ltd., 
Thailand. Nevirapine and azithromycin were kindly 
supported by The Government Pharmaceutical 
Organization (GPO), Bangkok, Thailand. 
 
Methods 
 
Preparation of Liquid Eutectic 
 
 The liquid eutectic was prepared by gentlely 
mixing menthol and camphor in various ratio (1:9, 
2:8, 3:7, 4:6, 5:5, 6:4, 7:3, 8:2 and 9:1) in beaker at 
room temperature. The physical appearance and 
viscosity were determined. Viscosity and rheology 
at room temperature were evaluated using 
brookfield viscometer (DV-III Ultra programmable 
rheometer, Brookfield engineering laboratories, 
Inc., Middleboro, USA) performed in a cone-and-
plate geometry with a cone no.40 or 50 for low 
viscosity and high viscosity, respectively. The 
shear rates ranged from 0.1 up to 100s-1 (n=3). The 
prepared liquid eutectic exhibiting lowest viscosity 
was selected for further study as vehicle for 
polymer solubilization. 
 
Preparation of Polymeric Solution 
 
       Poly(butylenes succinate) (PBS), polylactic 
acid (PLA), poly-3-hydroxy butyrate-co-valerate 
(PHBV), ethylene-vinyl acetate (EVA), eudragit® 

L100 (L100), eudragit® S100 (S100), eudragit® RL 
PO (RL), eudragit® RS PO (RS), eudragit® E PO 
(E) of 1% w/w were added in eutectic system 
comprising 1:1 menthol:camphor. Physical appearance 
of the prepared systems was visually observed. The 
selected soluble polymer was dissolved with higher 
concentration in liquid eutectic and evaluated for 
their physical appearance, viscosity, rheology, 
contact angle and surface tension. The contact 
angle onto the glass slide (hydrophilic surface) and 
PDMS coated slide (hydrophobic surface) of each 
system was measured by sessile drop technique 
(n=3), contact time at 5 sec after dropping. The 
pendant drop technique was used for surface 
tension determination using goniometer (FTA 
1000, First Ten Angstroms, USA) (n=3). 
 
Selection of Model Drug 
 
  Ibuprofen, paracetamol, chloramphenical, 
dichlofenac sodium, piroxicam, aspirin, indomethacin, 
clotrimazole, nevirapine and azithromycin of 1% 
w/w for each of them were individually dissolved 
in selected liquid eutectic. The higher amount of 
soluble drug was loaded in this selected eutectic 
system.   
 
Preparation of Polymeric Eutectic Drug Delivery 
System 
 
 The selected polymer and drug were used 
to prepare the polymeric eutectic drug delivery 
system by using the liquid eutectic as vehicle. The 
viscosity, rheology, drug solubility and released 
test of prepared systems were evaluated. 
 
Drug Solubility Test 
 

The excess drug was added in liquid eutectic 
or water and kept at ambient condition for 24 hours. 
The supernatant of saturated drug solution was 
measured for the drug content by High performance 
liquid chromatography (HPLC) (Agilent 1100, 
Agilent, Germany) (n=3) with UV detector at 264 
nm using ACE C-18 PEP column and acetonitrite 
(ACN) : 0.001 M H2PO3 in ratio of 50:50 as 
medium, flow rate of 1 ml/min. 

 
Drug Released Test 

 
The polymeric eutectic drug delivery 

system (1 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. 
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The 100 ml phosphate buffer solution pH 6.8 was 
used as release medium. The same concentration  
of active compound in liquid eutectic and NMP 
were used as control. The amount of drug released 
at specific time interval was measured by HPLC 
method with the condition as same as that from 
solubility test. Least square fitting the experimental 
released data to the mathematical expressions (power 
law, first order, Higuchi’s and zero order) were carried 
out using Scientist® 2.1 program to investigate the 
release mechanism. The coefficient of determination 
(r2) and model selection criterion (msc) were used 
to indicate the goodness of curve fitting. 
 
Results and Discussion 
 
Preparation of Polymeric Solution 
 

The liquid eutectic was obtained for the 
mixture of menthol:camphor in the ratio of 5:5 to 
8:2 whereas the other ratios were solid combined 
with liquid like. The ratio of 5:5 showed the lowest 
viscosity and all obtained liquid systems showed 
Newtonian rheological behavior as our previous 
work reported.(18) The liquid eutectic in ratio 5:5 
was selected as vehicle since its low viscosity was 
suitable for employing as injectable vehicle. 

 
Eudragit® E PO and eudragit® RS PO could 

dissolve in selected liquid eutectic but eudragit® RS 
PO had to be stirred over night to completely dissolve 
them whereas other polymers could not dissolve. 
Therefore the selected polymer was eudragit® E PO. 
This polymer is aminoalkyl methacrylate copolymers 
with dimethyl aminoethyl functional group(19) that 
could be used in pharmaceutical filed to prolong the 
drug release(20) and to improve the adhesiveness of 
some dosage forms(21). The viscosity of  polymeric 
system was increased as polymer concentration was 
increased as shown in Figure 1 therefore this polymer 
could promote the viscous environment of liquid 
eutectic. Typically, the lower contact angle on glass 
slide related with hydrophilic property of liquid 
whereas the lower contact angle on PDMS coated slide 
related with hydrophobic property of the test liquid. By 
comparison with selected liquid eutectic, an addition of 
eudragit® E PO that is pH dependent water soluble 
polymer could increase the hydrophilic property of this 
system when the polymer concentration was lower 
than 20% w/w. The system exhibited high viscosity 
and decreased the hydrophilic property with higher 
contact angle than selected liquid eutectic. When 
compared with water, the hydrophilicity of the selected 
liquid eutectic and low viscosity polymeric system was 

not different. The hydrophilic property of high 
viscosity polymeric system (more than 20% w/w 
eudragit® E PO) was dropped and the hydrophobic 
property of selected liquid eutectic system and 
polymeric system was higher than water as shown in 
Figure 2. The interfacial tension of selected liquid 
eutectic and the polymeric system was not different as 
function of polymer concentration as shown in Figure 3. 
From rheological study, this polymeric system showed 
the Newtonian flow (data not shown). From contact 
angle and interfacial tension determinations the 
developed system demonstrated the high hydrophobic 
property that was suitable for prolongation of drug 
release into aqueous medium. The 30% w/w eudragit® 
E PO was selected as polymer in delivery system 
comprising 5:5 menthol:camphor, since the higher 
amount polymer was necessary for the formation of 
the dense matrix or gel to prolong the drug release. The 
higher concentration of polymer in this eutectic 
mixture could not be prepared owing to the limitation 
of polymer solubility in this system. Some polymeric 
solution which are injectable system have been used as 
delivery system for treatment periodontitis by 
intracanal route.(22-27) 
 

 
Figure 1. Viscosity of liquid eutectic comprising different 
                 amounts of eudragit® E PO  
 

 
Figure 2. Contact angle of liquid eutectic containing 
                different amounts of eudragit® E PO. 
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Figure 3.  Interfacial tension of liquid eutectic containing  
                eudragit® E PO. 
 
Selection of Model Drug 
 

The drugs that could dissolve in selected 
liquid eutectic were ibuprofen and azithromycin. 
Ibuprofen could dissolve up to 30% w/w and 
azithromycin could dissolve up to 20% w/w whereas 
the other drugs could not dissolve. Ibuprofen was 
selected as a model drug in this study. Many research 
developed the system of ibuprofen for transdermal(3) 
and rectal delivery.(5) Administration of ibuprofen 
as eutectic system could increase bioavailability. 
Ibuprofen was notably used in dentistical field(28) 
due to anti-inflammatory effect and delaying destruction 
of jaw(29,30). Water solubility of ibuprofen was 
0.02±0.00 mg/ml and liquid eutectic solubility of 
this drug was 292.13±6.77 mg/ml that more than 
water solubility about 1.5x104 times therefore this 
liquid eutectic performed as DES for ibuprofen. 
The viscosity of liquid eutectic increased as 
ibuprofen concentration increased as showed in 
Figure 4 whereas the rheological behavior of all 
systems exhibited as Newtonian flow. 

  

Figure 4. Viscosity of liquid eutectic (5:5 menthol : 
   camphor) containing different amount of 
   ibuprofen. 

 

 
 
 
 
 

Drug Release Test 
 

The polymeric eutectic drug delivery 
system containing 10% w/w ibuprofen, 30% w/w 
eudragit® E PO in 5:5 menthol:camphor was prepared 
by mixing all of them in beaker at room temparature. 
The 10%w/w ibuprofen for cream and gel are the 
commercial products in the market. This delivery 
system was injectable solution with viscosity of 
12426.75 ± 20.21 cPs and Newtonian flow behavior. 
The dissolution profile of drug from this polymeric 
eutectic system, liquid eutectic and NMP are showed 
in Figure 5. The polymeric eutectic delivery system 
could extend drug release longer than liquid 
eutectic and NMP, respectively. Ibuprofen in NMP 
completely released within 44 hours. The hydrophobic 
property of liquid eutectic could retard the drug 
release which the 54.78±0.63% drug was released 
at 152 hours. The polymeric eutectic delivery system 
liberated 28.13±2.43% of drug at 152 h because of 
the controlled released property of eudragit® E PO 
as described previously(19,20) and also the hydrophobic 
property of employed eutectic system. The addition 
of eudragit® E PO could promote the viscous environment 
therefore the diffusion of drug molecule into the 
release medium was slower. Drug dissolution 
profiles fitting indicated the best fitting of drug 
released with Higuchi’s model as present in Table 1 
and the drug release kinetics primarily as diffusion 
control while ibuprofen in NMP showed the best 
fitting with first order model and the drug release 
kinetics primarily as anomalous mechanism with 
concentration dependent. 
 

 
Figure 5. Dissolution profile of  ibuprofen form liquid 
  eutectic, NMP and polymeric eutectic 
   delivery system 
 
 
 
 
 
 

Table 1. The coefficient of determination (r2) and model selection criterion (msc) from curve fitting of drug dissolution  
               profiles with release equation. 
 

Sample Best fitting 
model 

Model selection criterion 
(msc) 

Coefficient of determination 
(r2) 

Polymeric eutectic Higuchi’s 5.81 0.9977 
Liquid eutectic Higuchi’s 4.09 0.9865 

NMP First order 4.60 0.9939 
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Conclusion 
 

Polymeric liquid eutectic comprising eudragit® 
E PO dispersed in 5:5 menthol:camphor was employed 
as vehicle for ibuprofen loading. This polymeric eutectic 
drug delivery system was injectable solution that 
could prolong drug released longer than 7 days 
because of hydrophobic property of liquid eutectic 
and controlled release property of eudragit® E PO. 
This system could apply to delivery ibuprofen for long 
time treatment in some case such as periodontitis 
treatment by intra-canal drug delivery route. 
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