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 Abstract: This study aims to synthesize simvastatin hydrogel as drug delivery 
system with surfactant addition for improving solubility of simvastatin. 
Surfactants used in the study were the zwitterionic amino acid of arginine and 
nonionic surface-active agent of polysorbate 80. The solubility study was 
conducted by pouring of an excess mass of simvastatin into the solution of a 
surfactant in a conical flask. The sample was shaken up to 72 h in a mechanical 
water bath shaker at a varied temperature of 25, 40, and 50 °C. The amount of 
drug dissolved in solution was analyzed by UV/Visible spectrophotometer at 238 
nm. The results showed that the simvastatin solubility is profoundly influenced 
by the surfactant type, surfactant concentration, and temperature. Polysorbate 
80 exhibited as a better surfactant than arginine and an enhancement up to 1400 
times, in respect of without any addition of a surfactant, was observed. Based on 
the solubility study, simvastatin-loaded gelatin hydrogel composite was 
formulated and the characterization (FTIR and SEM) showed the successful 
impregnation. The hydrogel microparticles presented a sustained release profile. 

Keywords: hydrogel; simvastatin; solubility; surfactant 

 
■ INTRODUCTION 

Simvastatin is one of the drugs with low solubility to 
lower blood cholesterol. Recently, simvastatin has been 
reported to have an anabolic effect for accelerating bone 
regeneration [1-2]. The mechanism of simvastatin on 
bone regeneration is through reducing osteoclast 
differentiation [3], suppressing osteoblasts apoptosis [4], 
and inducing osteogenesis [5]. Simvastatin administrated 
orally will be retained in the liver by 95% and only 5% are 
systemically distributed [6-7]. Therefore, to obtain statin 
effects on the bone requires high doses that could 
potentially increase the toxicity and side effect of the drug 

such as rhabdomyolysis [8]. Local administration of 
simvastatin through hydrogel system can be used to 
overcome the hepatotropic nature of simvastatin and to 
enhance effectivity of the drug for bone regeneration [9]. 

The hydrogel is a drug carrier polymer which 
crosslinked with a water-soluble polymer [10]. The 
advantages of the hydrogel are biocompatible, can 
sustain release of the drug [11], easy to control its 
properties [12], and can be made from natural material 
like gelatin. However, hydrogels are also less suitable for 
hydrophobic drugs because of the difficulty of achieving 
drug homogeneity in the hydrogel matrix. The 
enhancement of drug solubility is one of the most 
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challenging aspects in the drug development process, 
especially for drug delivery system application [13]. 

Simvastatin has low solubility in water thus limiting 
dispersion of this hydrophobic drug in a hydrogel. It has 
been reported that solubility of simvastatin in water was 
only 7.25 × 10–3 mg mL–1 [14]. The chemical structure of 
simvastatin with naphthalene groups, two cyclic carbons, 
and cyclic lactones causes simvastatin has nonpolar 
properties. Therefore, the drug has a low solubility in a 
polar solvent, such as water, although it has an active 
hydroxyl group capable of forming a hydrogen bond with 
a water molecule [15-16]. The molecular structure of 
simvastatin is shown in Fig. 1. The direct loading of 
simvastatin in gelatin as natural material to make 
hydrogel will not produce the homogeneity of the 
dispersion due to particle agglomeration [17]. Therefore, 
it is necessary to modify the condition of water solution 
to enhance the solubility of simvastatin, e.g. using a 
surfactant. Enhancement of simvastatin solubility is 
proposed to increase the effectiveness and bioavailability 
of the drug. 

This paper presents a comprehensive study of 
improving solubility of simvastatin with the addition of a 
surfactant, determining its thermodynamic parameters, 
and developing a controlled drug delivery system by 
loading simvastatin into gelatin hydrogel. Two types of 
surfactant were employed, i.e. arginine and polysorbate 
80. Solubility enhancement using arginine was based on 
our previous work [18] which is expanded in this study 
using polysorbate 80. Arginine was studied since it is the 
best amino acid that improves solubility of a hydrophobic 
drug like while polysorbate 80 as the non-ionic surfactant 
is typically used as an emulsion of a hydrophobic drug 
[19]. Meanwhile, both surfactants are known to be safe 
chemicals to be employed to human [20]. 

■ EXPERIMENTAL SECTION 

Materials 

Simvastatin (SIM) was purchased from Sigma 
Aldrich, Singapore, (pharmaceutical grade) as an active 
substance of hydrophobic drug. The surfactants employed 
were arginine (ARG) and polysorbate 80 (POL 80),  
 

 
Fig 1. Molecular structure of simvastatin 

available in a pharmaceutical grade provided by Sigma 
Aldrich, Singapore. Type B gelatin (GEL) was obtained 
from Nitta Gelatin Inc. (Osaka, Japan) as the polymer for 
preparing a hydrogel. 

Procedure 

Solubility study of simvastatin with surfactant 
addition 

Surfactant solutions in the range of 0.01–1 mol L–1 
were prepared by dissolving an exact mass of surfactant 
into 100 mL of water in the Erlenmeyer tube. The pH of 
the solution was controlled in pH 7 for ARG and pH 3 
for POL 80 solutions. Excessive amounts of SIM were 
added to each Erlenmeyer containing the specified 
molar solutions of ARG or POL 80. To perform isotherm 
solubility studies, all conical flasks filled by homogenous 
mixtures of surfactant and SIM were placed in a water 
bath shaker under controlled temperature conditions of 
25, 40, and 50 °C. The mixtures were shaken up to 72 h 
to ensure that equilibrium condition was achieved. After 
the incubation period, approx. 2 mL of sample liquid 
was drawn from the suspension through 0.46 µm PTFE 
syringe filter and absorbance was measured by the UV-
Visible spectrophotometer (UV 1800, Shimadzu, Japan) 
at the position of 238 nm. A standard curve method was 
then employed to convert the absorbance to 
concentration. The result was prepared by a linear curve 
obtained from the different exact mass of SIM dissolved 
in ethanol as a solvent. 

Evaluation of thermodynamic properties 
Thermodynamic property of Gibbs free energy 

(ΔG, J mol–1) of the solubility of SIM in water with the 
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addition of surfactant was evaluated with Equation (1) 
[16]. 

s wG 2.303RTlogS / S∆ = −   (1) 
where Ss and Sw are the solubilities of SIM in a solvent with 
surfactant and pure water, respectively (mol L–1), R is the 
gas constant (8.314 J mol–1 K–1), and T is the temperature 
(K). 

The enthalpy (ΔH, J mol–1) and entropy (ΔS, J mol–1) 
was determined by van’t Hoff formula (Equation (2)) and 
the correlation of three equilibrium characters (Equation 
(3)) [16]. 

( )s w
2

d ln S / S H
dT RT

−∆
=   (2) 

G H T S∆ = ∆ − ∆   (3) 

Preparation of simvastatin-loaded gelatin hydrogel 
The hydrogel of SIM was prepared by dissolving 7% 

w/v concentration of GEL powder in 100 mL of distilled 
water in a beaker and waited until it was swelling for one 
hour. Subsequently, GEL was stirred in a water bath at  
40 °C until homogeneous. On the other hand, a complex 
of SIM and surfactant was prepared by dissolving SIM 
into the surfactant solution using a magnetic stirrer for  
2 h with a temperature of 50 °C. Complex SIM-surfactant 
was added to GEL solution and then stirred at 40 °C for  
3 h. The pH of GEL-SIM solution was adjusted at 7.4 by 
adding sodium chloride (NaCl). The GEL-SIM solution 
was cast into polypropylene mold. Subsequently, the 
specimen was put in a freezer at a temperature of 30 °C 
for 24 h. The frozen sample then was placed in the freeze 
dryer for 24 h. Then, the sample was wrapped in 
parchment paper and aluminum foil and inserted into a 
vacuum oven at 140 °C for 72 h to produce crosslinking 
by dehydrothermal treatment method (DHT). Finally, the 
hydrogel block matrix was blended to obtain 
microparticles with 150–250 μm size. 

Hydrogel characterizations 
Swelling index of hydrogel was measured through a 

hydration process. First, the initial weight of hydrogel was 
measured by an electric balance (w1). Subsequently, the 
hydrogel was impregnated with 100 µL of distilled water 
for 24 h. The final weight of hydrogel was measured (w2) 
after the excessive water removed with filter paper. The 

swelling index was defined by the ratio of an increased 
mass after immersion (w2-w1) and the initial mass of 
hydrogel (w1) as shown in the Equation (4). 

2 1

1

w w
Swelling index( )

w
−

− =   (4) 

To determine the functional and qualitative groups 
of hydrogel microparticles, the Fourier Transform 
Infrared Spectroscopy (FTIR) test was performed by 
NICOLET iS10 (Thermo scientific, USA). A material 
pellet was prepared by mixing of hydrogel with KBr 
(sample:KBR = 1:50). The translucent film was recorded 
over a range of 4000 to 400 cm–1. The surface 
morphology of hydrogel microparticles was observed by 
scanning electron microscope (SEM) by JSM-6510 LA 
(JEOL, Japan) at an accelerating voltage of 15 kV. 

The release profile method of simvastatin from 
gelatin hydrogel used refers to Tanigo method [21]. The 
hydrogel microparticle was placed in 1 mL of PBS. The 
release test was performed at 37 °C and the phosphate 
buffer saline (PBS) was exchanged at different time 
intervals. After centrifugation, the supernatant of PBS 
was collected and determined by UV/Vis absorption 
spectroscopy at a wavelength of 238 nm. Simvastatin 
concentration was evaluated by using the calibration 
curve method. 

■ RESULTS AND DISCUSSION 

Solubility of Simvastatin in the Surfactant 
Solution 

Solubility study of SIM in water was conducted by 
introducing surfactant at different concentrations. Fig. 2 
exhibits the solubility of SIM as a function of POL 80 
concentration and temperature. As a reference, the 
solubility of SIM in water is approx. 0.01 mmol L–1 at  
25 °C which is in agreement with the literature [14,21]. 
The polysorbate 80 concentration was set to a maximum 
of 5 wt.% (ca. 2.1 × 10–4 mol L–1) for a safe condition 
when using this compound in drug formulation [10]. 
From the figure, it can be seen a sharp increase in the 
SIM solubility when increasing surfactant 
concentration. At the highest concentration of POL 80 
of 2.1 × 10-4 mol L–1, the solubility of SIM is 7.96 (25 °C), 
9.08 (40 °C) and 12.50 (50 °C) mmol L–1. These values 
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are remarkably higher when compared to those values of 
the SIM solubility using arginine (only up to 0.16 mmol 
L–1 at 0.1 mol L–1 arginine concentration and 40 °C) [18]. 
The enhancement of solubility is up to 1400 times (2.1 × 
10–4 mol L–1 of polysorbate 80 concentration and 50 °C 
temperature). 

Thermodynamic Properties of Simvastatin 
Solubility Enhancement 

To obtain more fundamental of the solubility 
characters of SIM when using a surfactant, 
thermodynamic parameters were evaluated included ΔG, 
ΔH, and ΔS. Table 1 showed the parameters when ARG 
was employed (solubility data are taken from Niswati et 
al. [18]). The temperature was limited up to 40 °C to 
maintain a stability of arginine. The values of Gibbs free 
energy are in between -200 and -7100 J mol–1. The more 
negative value indicates, the more favorable of SIM in the 
solution. It can be seen that the value becomes more 
negative when increasing concentration and temperature. 
Furthermore, enthalpy (ΔH) displays a positive value for 
all conditions suggesting that the solubilization of SIM is 

an endothermic suggesting that the solubility of SIM is 
more favorable at high temperature. 

Thermodynamic properties of the SIM-POL 80 
water system are summarized in Table 2. These 
parameters have the same tendency when compared to 
ARG system. However, the value of ΔG is remarkably 
more negative (up to -20.000 J mol–1 at 50 °C) concerning 

 
Fig 2. The solubility of simvastatin as a function of 
temperature in polysorbate 80 solution 

Table 1. Thermodynamic properties of the solubility of simvastatin in various concentration of arginine 

[Arginine], 
mol L–1 

25 °C 40 °C 
ΔS, 

J mol–1 K–1 
ΔH, 

J mol–1 
SIM solubility, 

mmol L–1 
ΔG, 
J mol–1 

SIM solubility, 
mmol L–1 

ΔG, 
J mol–1 

0.000 0.009 - 0.011 - - - 
0.010 0.010 -201 0.049 -3941 249 74132 
0.020 0.011 -519 0.073 -4988 298 88297 
0.050 0.039 -3676 0.098 -5772 140 37992 
0.070 0.059 -4681 0.118 -6247 104 26441 
0.100 0.073 -5201 0.163 -7095 126 32445 

Table 2. Thermodynamic properties of the solubility of simvastatin in various concentration of polysorbate 80 
[Polysorbate 80], 
mol L–1 

25 °C 40 °C 50 °C ΔS, 
J mol–1 K–1 

ΔH, 
J mol–1 SIM solubility, 

mmol L–1 
ΔG, 
J mol–1 

SIM solubility, 
mmol L–1 

ΔG, 
J mol–1 

SIM solubility, 
mmol L–1 

ΔG, 
J mol–1 

0 0.009 - 0.011 - 0.032 - - - 
2.07 × 10–5 0.684 -10758 1.081 -12016 1.484 -13741 119 41248 
4.13 × 10–5 1.265 -12283 2.290 -13971 3.169 -15781 140 24822 
8.27 × 10–5 2.696 -14159 4.658 -15820 5.527 -17275 125 29428 
1.45 × 10–5 4.835 -15607 7.149 -16936 8.490 -18429 113 23005 
2.07 × 10–5 7.959 -16843 9.080 -17559 12.499 -19468 105 18047 
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Fig 3. SEM images of (a) GEL-SIM hydrogel and (b) GEL-POL-SIM hydrogel 

 
a minimum value when using ARG. This indicates that 
POL 80 is more benign to SIM. Moreover, values of the 
enthalpy are quite low in the range 18000–41000 J mol–1 
meaning an ease ability of SIM to dissolve in POL 80. 

The Properties and Release Profiles of Simvastatin-
Loaded Hydrogel Microparticles 

The success of enhancing SIM solubility in water 
solution by using surfactant was employed to formulate 
drug-loaded gelatin hydrogel. Based on the solubility 
study, it is expected that 6 wt.% of SIM can be loaded to 
hydrogel when employing POL 80 surfactant, respectively. 
The use of very small amounts of SIM will affect the 
effectiveness of drugs in bone regeneration, especially for 
osteoblast proliferation [5]. Therefore POL 80 was 
selected for formulating hydrogel microparticle because 
in this study the surfactant was known to be able to 
dissolve larger amounts of SIM. 

The morphologies of GEL-SIM and SIM-loaded 
hydrogel were then observed by using microscopy 
methods. It was shown that both materials display a 
granule-like structure (data not shown, observed with a 
stereomicroscope (Olympus SZX7, Japan). The 
microparticles obtained showed a relatively homogeneous 
size ca. 200 µm. The SEM images of GEL-SIM and GEL-
SIM-POL hydrogels are shown in Fig. 3(a) and 3(b). The 
images show that in the GEL-SIM hydrogel exhibits 
agglomeration of simvastatin particles (yellow circle, see 
Fig. 3(a)), while a homogeneous dispersion of simvastatin 
is observed in GEL-SIM-POL hydrogel (see Fig. 3(b)). 
This highlights a positive impact of the POL 80 addition  
 

 
Fig 4. FTIR signals of substances and simvastatin-loaded 
hydrogels 

on hydrogel formulation. Surfactant improves the 
dissolution of lipophilic drugs like SIM in water and 
increases the rate of disintegration of solid into finer 
particles [13]. This result was in agreement to the 
previous study of using tween 80 as a surfactant on 
polyvinyl alcohol-simvastatin hydrogel for topical 
application [18]. 

To study the successful loading of SIM, the FTIR 
study was performed. FTIR profiles of GEL-SIM and 
GEL-POL 80-SIM hydrogels are shown in Fig. 4. 
Simvastatin, as an individual scan, exhibits clearly 
hydroxyl (-OH) at ca. 3550 cm–1 peaks, alkyl (-RH) at ca. 
3000 cm–1 peaks and alkene (C=C) at ca. 1700 cm–1 peak 
of functional groups. When simvastatin was loaded in  
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Fig 5. Swelling index of simvastatin-loaded hydrogel and 
the reference of only gelatin hydrogel 

 
Fig 6. Drug release profile of simvastatin loaded 
hydrogel 

 
the hydrogel system, the spectra of SIM (-OH, -RH, and 
C=C) are seen (see the dashed line in Fig. 4). These peaks 
are typically not shown in the gelatin or polysorbate FTIR 
spectra. Hence, this indicates the presence of SIM in the 
hydrogel system. 

To evaluate the hydrogel character when in contact 
with water, the swelling ratio index was determined. The 
swelling ratio index of hydrogels as a function of 
impregnating time is shown in Fig. 5. There were 
significant differences between the hydrogels. Gelatin-
simvastatin hydrogel exhibits higher swelling than the 
GEL-POL-SIM hydrogel. These results can be affected by 
the interaction between the hydrogel composing 
materials. Yasasvini et al. stated that the formulation and 
the degree of cross-linking change the swelling index of 
the hydrogel. The more degree of cross-linking will 
reduce the swelling index of hydrogel [22]. The addition 
of POL 80 improves the solubility of SIM. Therefore, 
simvastatin can be mixed homogeneously in the hydrogel 
matrix dan adequately binding with gelatin as hydrogel 
carrier. The swelling ratios in the groups increased 
continuously and reached equilibrium after 7 h. In the 
GEL-SIM hydrogel, it was seen that the standard deviation 
in the samples was higher than the GEL-POL-SIM. The 
structure of hydrogel without surfactant addition was less 
homogeneous as the result of the low dispersion of SIM. 
This swelling corroborates morphological findings in this 
study. 

The release of simvastatin from gelatin hydrogel 
was shown in Fig. 6. In the presence of polysorbate 80, 
the cumulative release of simvastatin from hydrogel was 
approximately 74%. While hydrogel simvastatin without 
surfactant, simvastatin release was only 40%. This result 
indicated that the formulation using a surfactant which 
increases solubility would affect the release of active 
drug from the system. It was reported that solubility of 
the drug is one of a crucial factor for developing a system 
of the drug [13]. Therefore, this system could be chosen 
to improve the effectivity of simvastatin in a local 
delivery system [23]. 

■ CONCLUSION 

The solubility of simvastatin can be enhanced by 
the addition of arginine or polysorbate in water as a 
surfactant. The study showed that concentrations of 
surfactants and temperatures of solution have 
significant effects on the simvastatin solubility. The 
effect of polysorbate 80 on the solubility is strongly 
noticed when compared to using arginine system. The 
highest increase of a 1400-times enhancement of the 
simvastatin solubility was obtained in this study when 
using conditions of 2.1 × 10-4 mol L–1 polysorbate 80 
concentration and 50 °C temperature. This positive 
influence of polysorbate 80 was further used to 
formulate simvastatin-loaded hydrogel based on gelatin. 
Characterization of gelatin-polysorbate-simvastatin 
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hydrogel involves the morphology, swelling index and 
FTIR showed a successful preparation of hydrogel 
microparticles. Furthermore, the release test showed a 
positive impact of the higher dissolution of simvastatin 
when employing a surfactant of polysorbate 80. 
Therefore, this formulation could be chosen to deliver 
simvastatin for bone regenerating purpose. 
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