
 

 

IMPROVEMENT OF SIMVASTATIN SOLUBILITY USING HPMCAS, LOCUST BEAN GUM, SODIUM 
ALGINATE AND TPGS AS A POLYMER WITH SOLID DISPERSION METHOD 

Original Article 

  

IYAN SOPYAN1* , ZIRLY YUSRIANI KAMILAH1, SANDRA MEGANTARA2 , SRIWIDODO1  
1Department Pharmaceutics and Technology of Pharmacy. Faculty of Pharmacy, Universitas Padjadjaran, Sumedang-45363, West Java, 
Indonesia. 2Department Pharmaceutical Analysis and Medicinal Chemistry. Faculty of Pharmacy, Universitas Padjadjaran, Sumedang-

45363, West Java, Indonesia 
*Corresponding author: Iyan Sopyan; Email: i.sopyan@unpad.ac.id 

Received: 05 Nov 2023, Revised and Accepted: 13 Jun 2023 

ABSTRACT 

Objective: Simvastatin (SV) is a cholesterol-lowering drug that classified in BCS (Biopharmaceutics Classification System) Class II class with high 
permeability but low solubility value. This study aims to obtain a solid dispersion formula that can increase the solubility of Simvastatin. HPMCAS, 
Locust Bean Gum, Sodium Alginate, and TPGS are four candidate polymers that will be selected by in silico study to make a solid dispersion formula. 

Methods: The solid dispersion was prepared with two polymers, Locust Bean Gum (LBG), which has no hydrogen bonds with Simvastatin, and 
Sodium Alginate (SA), which has hydrogen bonds with Simvastatin, made by the ratio of mass 1:1, 1:2, 1:3, 1:4. Materials were evaluated by 
solubility and dissolution studies, then characterized using FTIR, DSC, and PXRD. 

Results: Each drug-polymer ratio showed an increase in solubility and dissolution, but the SV-LBG formula (1:4) showed the largest increase, with a 
4 folded increase in solubility and a roughly 2 folded increase in dissolution. The characterisation FTIR data demonstrate that the drug molecules 
are disseminated inside the polymer, and the PXRD diffractogram demonstrated a deacrease in crystallinity to the amorphous phase, and the DSC 
thermogram also demonstrated changes in thermal behavior. 

Conclusion: Solid dispersion is a promising method for increasing the solubility of simvastatin. The use of locust bean gum polymer was proven to 
increase the solubility and dissolution of simvastatin with the best formula SV-LBG (1:4). 
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INTRODUCTION 

Drug solubility in water is the main parameter in drug formulation 
because it greatly affects the pharmacokinetic and 
pharmacodynamic properties of the drug. Recorded in 2015, 
compounds that are poorly soluble in water make up 40% of the top 
200 oral drugs marketed in the United States [1]. Drugs that have 
low water solubility often require higher doses to achieve 
therapeutic plasma concentrations after oral administration. In 
addition, water-insoluble drugs have slow absorption resulting in 
inadequate and variable bioavailability, which causes 
gastrointestinal mucosal toxicity [2]. 

Simvastatin belongs to a group of drugs known as HMG-CoA reductase 
inhibitors or statins. This type of drug works by inhibiting certain 
types of enzymes needed to make cholesterol [3]. In the oral delivery 
route, there is a relationship between drug absorption and gastric 
permeability and solubility, namely Biopharmaceutics Classification 
System (BCS). Simvastatin belongs to BCS Class II, which has high 
permeability but low solubility (3 x 10-2 mg/l), with a bioavailability of 
5%, indicating extensive first-pass metabolism in the liver. Therefore, 
it is very important to increase the solubility in water, dissolution rate 
and bioavailability of the oral solid dosage form [4, 5]. 

The solubility of poorly soluble drugs can be increased by various 
techniques. Some of them are forming a nanosuspension, co-
crystallization, derivatization, solid dispersion, and salting [2]. 
Among the various methods, the drug solid dispersion system in a 
hydrophilic carrier is one of the most effective methods. Solid 
dispersion is the process of dispersing one or more active 
ingredients in an inert hydrophilic carrier in which the system can 
be prepared by various methods, such as melting, dissolving, and 
melting-dissolving [6]. The advantages of solid dispersions are 
simple to prepare, easy to optimize, and has reproducibility. In 
addition, this method has been used for 10-15 y so it is very 
promising to increase oral absorption and bioavailability of BCS 
Class II drugs [7]. 

The choice of carrier has a major influence on the dissolution 
characteristics of the dispersed drug since the dissolution rate of one 
surface component is affected by the other components in the mixture. 
Therefore, the carrier is hydrophilic, resulting in faster drug release from 
the matrix. The carrier must also be inert and drug compatible [8, 9]. 

The binding interaction and stability of the compound with the 
active drug ingredients can be seen through in silico studies. The 
interaction between drug and polymer is seen through ligand-ligand 
docking [10, 11]. HPMCAS, Locust Bean Gum, Sodium Alginate, and 
TPGS, are polymers that can be used to increase the solubility and 
dissolution of BCS class II drugs [12–15]. 

Locust bean gum (LBG) or commonly called carob gum or ceratonia 
is a natural plant material consisting of hydrocolloid polysaccharides 
consisting of D-galactose and D-mannose linked by glycosidic bonds 
[13]. Natural polymers when used in appropriate amounts can 
increase the dissolution rate due to their low viscosity and high 
swelling capacity making them a better alternative [16]. The use of 
LBG as a solid dispersion carrier has increased the dissolution of 
lovastatin by 53% compared to pure lovastatin, which only releases 
about 35% [17]. 

Sodium alginate is a hydrophilic polysaccharide consisting of the 
sodium salt of alginic acid. The use of alginate ester derivatives has 
proven to be a good solid dispersion carrier to increase the water 
solubility of poorly soluble compounds [14, 18, 19]. The use of 
sodium alginate as a carrier for telmisartan solid dispersion system 
can increase the drug dissolution rate by >80% within 30 min [14]. 

MATERIALS AND METHODS 

Materials 

Locust Bean Gum (YTBIO), Methanol (Sigma-Aldrich), Simvastatin 
(Hungary Teva), Pottasium Bromide (Sigma-Aldrich), Potassium 
Phosphate Monobasic (Merk), Sodium Alginate (Kimica 
International), Sodium hydroxide (Merck KGaA). 
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In silico studies 

The 2D structure of the polymer and Simvastatin was drawn using 
ChemDraw and saved in. cdx format. The structure file format was 
then converted to. pdb using the Chem3D and converted to pdbqt by 
AutoDockTools. Through the PyRX with the Vina Wizard feature, the 
SV molecule is then inserted into the polymer cavity and observed 
whether there is an interaction [11]. 

Preparation of simvastatin solid dispersion 

The solid dispersion system was made using the solvent evaporation 
method with the ratio of Simvastatin and polymer 1:1, 1:2, 1:3, and 
1:4 w/w. Drug and polymer were mixed and partly methanol was 
added with continuous stirring until the mixture was completely 
dissolved. This mixture was evaporated at room temperature until a 
solid mass was obtained. This mass was pulverized using a mortar 
and pestle and then passed through an 80-mesh sieve to obtain a 
fine solid dispersion [20, 21]. 

Solubility studies 

Drug substance and the solid dispersion equivalent to 10 mg SV 
were dissolved in 10 ml of distilled water in a vial and then placed in 
a shaker (IKA HS260 basic) for 24 h at room temperature (25 °C). 
Saturated solubility was measured by the validated UV-Vis 
spectrophotometer method (Analytik Jena Specord 200) at a 
wavelength of 238 nm [22]. 

Dissolution studies 

The dissolution test was carried out using a paddle-type USP 
dissolution apparatus (Sotax AT7 Smart Dissolution Tester). Into the 
dissolution tube, 900 ml of phosphate buffer pH 7.0 was added. The 
speed is set to 50 rpm at 37±0.5℃. In each tube, a sample powder 
equivalent to 40 mg of SV was added. Aliquots (10 ml) were 
withdrawn at pre-determined time intervals of 0, 10, 20, 30, 40, 50 
and 60 min with, replenished on each occasion with the same 
volume of dissolution fluid. The solution was measured using a UV-
Vis spectrophotometer at 238 nm [23, 24]. 

Fourier transform infrared (FTIR) 

A total of 2 mg of sample was mixed with 248 mg of potassium 
bromide crystals and homogenized. The mixture then compressed 
with a pressure of 60 Psi. The spectrum was measured in the range 
of 400–4000 cm-1 using an FTIR spectrophotometer (IRPrestige-21 
Shimadzu) [22]. 

Differential scanning calorimetry (DSC) 

The differential scanning colorimetric measurements were 
performed using DSC (DSC-60 plus Shimadzu). Each sample was 
taken an amount of 2 mg and sealed in an aluminum pan. The 
sample is heated at 10℃/min from 25℃ to 180℃ in an inert 
environment. The environment was maintained using nitrogen gas 
at a flow rate of 50 ml/min [6, 21]. 

 

Table 1: The result of in silico studies (n=100) 

Compound Complex structure Interaction Binding energy 
(kkal/mol) 

Hydrogend bond 
energy (kkal/mol) 

SV-HPMCAS 

 

1 hydrogen bond dan 9 
hydrophobic 
interactions 

-2,2 -0,144 

SV-LBG 

 

11 hydrophobic 
interactions 

-3,0 - 

SV-SA 

 

1 hydrogen bond dan 10 
hydrophobic 
interactions 

-2,0 -4,431 

SV-TPGS 

 

15 hydrophobic 
interactions 

-2,7 - 
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Powder X-ray diffraction (PXRD) 

An X-ray powder diffraction study was carried out using an X-Ray 
Diffractometer (Bruker D8 Advance) to evaluate its crystallinity. 
XRD patterns were measured on 100 mg of the sample using a 
diffractometer and Ni-filtered Cu-Kα radiation (1.5406 Å) under the 
voltage 40 kV, current 20 mA, receiver gap 0.2q inch, 2θ range 5-
60℃, scan rate 0.02 °/s [25, 26]. 

RESULTS AND DISCUSSION 

In silico studies 

In silico studies were carried out to predict candidate compounds to 
be made into solid dispersion formulas. By conducting this study, 
drug interactions with polymers, such as the presence of 
intermolecular interactions in the form of hydrogen bonds can be 
predicted. In solid dispersion systems, interactions between drugs 
and polymers do not always occur, so the selection of polymers for 
solid dispersion formulas is chosen based on the presence of 
interactions and the absence of interactions (table 1). 

The in silico study showed that of the four candidate polymers, 
HPMCAS and Sodium Algnate (SA) were hydrogen bonded to 
Simvastatin (SV), while the other two polymers were not hydrogen 
bonded, which can be seen in table 1. Hydrogen bond is a non-
covalent interaction between a hydrogen atom and an 
electronegative atom. The role of hydrogen bonding in the 
physicochemical properties of active pharmaceutical ingredients is 
in their solubility and dissolution properties [27, 28]. Meanwhile, the 

binding energy indirectly indicates the ability of the drug to bind to 
the receptor. The binding affinity of the drug with the receptor will 
be higher as the binding energy decreases [29]. 

The binding affinity of a molecule is strongly influenced by the size, 
shape, and functional groups of the molecule. Hydrophilic molecules 
tend to have weaker binding affinity than hydrophobic molecules of 
the same size and shape. The number of hydrophobic interactions 
will affect the stability of the bond, where the more the number of 
hydrophobic interactions, the more negative the bond affinity so that 
the complex will be more stable. SV-LBG complex has the lowest 
binding energy with 11 hydrophobic interactions. The SV-TPGS 
complex has more hydrophobic interactions but lower binding 
energy. This could be due to the larger molecular size of TPGS than 
LBG. Molecular size that is too large will affect the binding affinity 
because there is a mismatch with the cavity space [30, 31]. 

Therefore, Sodium Alginate was chosen as the drug hydrogen-
interacting polymer with the lowest hydrogen bond energy and 
Locust Bean Gum, which has no hydrogen-drug interaction with the 
lowest binding energy. 

Solubility studies 

Solubility is an important parameter to achieve the drug 
concentration in the systemic circulation in order to obtain the 
desired pharmacological response [2]. In the solubilization process, 
when the solid dispersion system is exposed to an aqueous medium, 
the carrier will dissolve and then the drug is released as fine 
colloidal particles [32]. 

 

 

Fig. 1: Saturated solubility graph of simvastatin and solid dispersion system, simvastatin (blue light), SV: sodium alginat 1:1 (orange), SV: 
sodium alginat 1:2 (light grey), SV: Sodium alginat 1:3 (yellow), SV: sodium alginat 1:3 (light blue), SV: locus bean gum 1:1 (green), SV: 

locus bean gum 1:2 (dark Blue), SV: locus bean gum 1:3 (brown), and SV: locus bean gum 1:4 (dark grey) (n=3) 

 

Saturated solubility studies (fig. 1) revealed that all drug-polymer 
solid dispersion formulas had increased solubility significantly 
(p<0,001) compared to the native drug. The highest solubility was 
obtained in the solid dispersion of SV-LBG (1:4) with a 
concentration of 26.858±0.59 ppm, which increased 4 times 
compared to native drug (6.251±0.22 ppm). In each formula, it was 
seen that the solubility increase was higher as the ratio increased. 
So it can be concluded that the more polymer used, the solubility 
will be greater (fig. 1). 

The increase in solubility that occurs can be caused by the nature of 
the carrier polymer used. As a carrier, LBG can reduce particle size, 
has the ability to wet, and reduce drug crystallinity during the 
formulation of the mixture so that it can increase drug solubility 
[13]. Although not as good as SV-LBG solid dispersion, there is also 
an improvement in the SV-SA solid dispersion formula in each 
comparison. The increase in the solubility of the SV-SA solid 
dispersion system in water was due to a reduction in the particle 
size of SV and its molecular dispersion into a hydrophilic carrier 

(SA), which caused a change in the original crystalline form to a 
soluble amorphous form [33]. 

Dissolution evaluation 

The dissolution test was carried out on the pure drug and two solid 
dispersion formulas with the best-increasing solubility in each 
polymer (fig. 2). The solid dispersion formulas selected were SV-LBG 
(1:3), SV-LBG (1:4), SV-NA (1:3), and SV-NA (1:4). The ratios of 1:3 
and 1:4 was chosen to see whether increasing the ratio affected the 
dissolution rate or not. 

During the dissolution process, after the dispersion system is in 
contact with the dissolution medium, the media permeates to the 
drug carrier particles so as to form a carrier gel layer around the 
particles. The carrier particles must be dispersed rapidly throughout 
the dissolution medium in order to promote drug release. High 
carrier viscosity will result in the formation of agglomerates of drug 
carrier particles during dissolution, thereby inhibiting the 
dissolution process [17]. 
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Fig. 2: Comparative dissolution study of simvastatin and solid dispersion in various comparison (n=3) 
 

As seen in fig. 2, there is an increase in the dissolution of each solid 
dispersion formula compared to the native drug. Similar to the 
results of the solubility studies, the highest increase in dissolution 
rate was found in the SV-LBG formula (1:4), which was 9.241±0.30% 
at 30 min. The dissolution rate in the SV-LBG formula (1:4) has a 
significant increase (p<0.05), approximately 2 times greater than the 
native drug (5.091±0.36% at 30 min). Meanwhile, the best solid 
dispersion formula with sodium alginate is in the SV-SA ratio (1:3) 
with a dissolution rate of 7.136±0.10% in 30 min with an increase of 
approximately 1.4 times. This shows that the ability of SA to increase 
the dissolution of solid dispersion systems is only up to a certain 
concentration. A higher number of polymers allows an increase in 
the viscosity of the system, thereby reducing the diffusivity of the 
drug and its dissolution rate [34]. Therefore, the SV-LBG formula 
(1:4), which is the formula with the best solubility increase and 
dissolution rate, was chosen for characterization. 

In the SV-LBG solid dispersion formula, the increase in dissolution rate is 
most likely due to an increase in wettability, a decrease in drug particle 
size, and a reduction in drug crystallinity [35]. The sodium alginate in the 
SV-SA solid dispersion has an influence on the solid-state properties and 
dissolution behavior of the solid dispersion. The particle size and 
crystallinity of the solid dispersion are reduced compared to the pure 
drug, thereby increasing the dissolution rate. At certain concentrations, 
the addition of SA to a solid dispersion system has the potential to reduce 
the energy required for drug dissolution [34]. 

Fourier transform infrared (FTIR) 

FTIR spectroscopy is one of the characterization methods used to 
determine the presence of functional groups in a molecule (fig. 3). The 
interaction between the drug and the solid dispersion carrier can be 
seen in the infrared spectrum. Solid dispersion systems can cause 
changes in the molecular structure of the drug in the matrix [7, 35]. 

 

 

Fig. 3: FTIR spectra of simvastatin (black), locust bean gum (red), solid dispersion SV-locus bean gum (1:4) (blue), physical mixture SV-
LBG (1:4) (green) (n=3) 

 

Fig. 3 shows the IR spectra of the pure drug, Locust Bean Gum, solid 
dispersion (SD) SV-LBG (1:4), and physical mixture (PM) SV-LBG 
(1:4). The native SV spectrum showed peaks at 1669.42 cm-1 (C=O 
stretching vibration), 2970.43 cm-1 (C-H stretching vibration), and 
3551.98 cm-1 (O-H stretching vibration). On the other hand, the 
spectrum of LBG showed peaks at 2929.92 cm-1 (C-H stretching 
vibration) and 3382.2 cm-1 (O-H stretching vibration). The main 
peak of the SV spectrum was also seen in the SD SV-LBG (1:4) and 
the PM SV-LBG (1:4), which indicated that there was no chemical 
interaction between the pure drug and the carrier polymer [20]. 

Comparing the spectrum of SD SV-LBG (1:4) and CF SV-LBG (1:4) 
with the native drug, the peak of O-H stretching vibration was more 

similar to the peak in pure LBG. This may be due to the dispersed 
drug molecules in the carrier polymer. It was found that the peak of 
the carbonyl group (C=O) in the solid dispersion formula shifted 
towards a higher wave number with lower intensity. Solid 
dispersion spectrum showed no change or addition of new 
functional groups, which indicates that the overall symmetry of the 
molecule is not affected [25]. 

Differential scanning calorimetry (DSC) 

In solid dispersion, DSC was performed to characterize the sample by 
observing endothermic peaks on the thermogram. The endothermic 
peak generally corresponds to the melting point of the pure drug and 
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indicates the crystalline nature. If no peak is observed, it indicates that 
the particles have been dispersed into amorphous [6, 33]. 

In DSC studies (fig. 4), the endothermic peak of native drug was 
found at 132.98 ℃ near the melting point of the drug (135–138 ℃), 
indicating its crystalline nature [36]. The SD SV-LBG (1:4) had a peak 

of 41.55 ℃, which may be due to moisture loss, and a peak of 130.88 
℃. The shift of the peak to lower temperature indicates a decrease in 
the melting point of the drug. In addition, the peak intensity of the 
solid dispersion formula also decreased. This minor difference in 
peak angle and intensity indicates a slight change in drug 
morphology, from crystalline to amorphous form [13, 37]. 

 

 

Fig. 4: DSC thermograms of simvastatin (black), SD SV-LBG (1:4) (red), PM SV-LBG (1:4) (blue) (n=2) 

 

The enthalpy value of the solid dispersion formula was found to 
have decreased compared to that of pure SV, by-18.99 J/g and-21.61 
J/g, respectively. This can be interpreted as a change in the relative 
energy required to break the solute intermolecular bonds. The 
smaller the enthalpy value, the lower the energy required to break 
the solute bonds. Therefore, the low enthalpy value can cause an 
increase in solubility indirectly [38]. 

Powder X-ray diffraction (PXRD) 

PXRD is one of the characterization techniques used to see the solid 
properties of drugs. The diffractogram allows to know whether the 
drug state is in crystalline or amorphous state by comparing the 
peak heights of the solid dispersion compared to the native drug. In 
solid dispersions, the number of diffraction peaks indicates 
crystalline nature and the appearance of a halo diffractogram 
interprets the amorphous form [13, 25, 37]. 

The PXRD diffractogram can be seen in fig. 5. Diffractogram of native 
drug shows sharp peaks with high intensity. The pattern shows the 
crystalline nature of pure SV [21]. In the SD SV-LBG diffractogram 
(1:4), it was found that the peak angle was enlarged with a decrease 
in intensity. The decreased peak intensity in the solid dispersion 
system could be attributed to the reduction in the crystallinity of the 
drug leading to the formation of the dispersion in the amorphous 
phase. The absence of some characteristic peaks of the drug in the 
solid dispersion formula indicates the partial conversion of the 
crystalline form of the drug to its amorphous form [13, 37]. 

The decrease in crystallinity of the solid dispersion formula was proven 
by the results of the calculation of the obtained % crystallinity by 26.0%. 
The crystallinity of the solid dispersion system decreased by 3 times 
compared to native drug, with a crystallinity of 78.4%. The decrease in 
crystallinity that occurs indicates that in solid dispersion, some drugs 
have been converted into their amorphous forms [25]. 

 

 

Fig. 5: Diffractogram of Simvastatin (black), SD SV-LBG (1:4) (red), PM SV-LBG (1:4) (blue) (n=2) 
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CONCLUSION 

The insilico study showed hydrogen interactions between HPMCAS 
and Sodium Alginate polymers with Simvastatin, while Locust Bean 
Gum and TPGS polymers did not show hydrogen interactions with 
Simvastatin. Based on these studies, Sodium Alginate and Locust 
Bean Gum were selected as carrier polymers for solid dispersion 
systems. The results of the solubility and dissolution studies showed 
an improvement in the solid dispersion system compared to the 
native drug in both the SV-SA and SV-LBG solid dispersion formulas 
in each mass comparison. Formula SV-LBG (1:4) had the highest 
increase in solubility and dissolution of 26.858±0.59 ppm and 
9.241±0.30% at 30 min. Characterization by FTIR showed that the 
drug was dispersed in the carrier molecule without the addition of 
new functional groups. DSC analysis showed a decrease in the 
melting point of the solid dispersion and the diffractogram of XRDP 
indicated a decrease in the crystallinity properties of the solid 
dispersion system compared to the native drug. 
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