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Abstract. In this study, Chitosan/Carrageenan/Lovastatin/Polyaniline biocomposites 

(CsCLP) with different polyaniline (PANi) concentrations (0-10%) were successfully 

synthesized via the solution blending method. The chemical structure, morphology, 

and thermal properties of lovastatin-carried biocomposites were characterized by 

Fourier Transform Infrared (FTIR) spectroscopy, Field emission scanning electron 

microscope (FESEM), and Differential Scanning Calorimetry (DSC). The results 

revealed that among the CsCLP biocomposites synthesized, the sample CsCLP1955 

with 5% wt. of PANi possessed the best dispersion of lovastatin (with the smallest 

particle size) in the composites. It also showed the smallest melting point (164.8oC) 

and the most uniform morphology. The ability of biocomposites to release lovastatin 

in buffer solutions was investigated by UV-Vis spectroscopy analysis. It was found 

that this ability increased with the presence and the content of PANi in the 

composites. In the pH 2.0 buffer solution, the released lovastatin content reached 

61.7 - 74.3% after 30 hours of testing, whereas in the pH 7.4 buffer, it was slightly 

better, at 68.5 - 78.1%, with the optimized ratio of PANi of 5% wt. 

Keywords: Chitosan/Carrageenan/PANi/Lovastatin biocomposites, lovastatin release. 

1.   Introduction 

Lovastatin (Lov) is a natural product derived from certain species of fungi through 

fermentation [1] that can effectively inhibit the activity of the enzyme hydroxyl methyl 

glutaryl CoA (HMG-CoA reductase) and is widely used as a hypercholesterolemia drug. 

Lov is rapidly absorbed in the small intestine when taken orally. Plasma concentrations of 

Lov reach a maximum within 4 hours with a half-life, t1/2, of 3 hours and low bioavailability 

of 5 % [2] due to its poor aqueous solubility. 
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In an attempt to achieve optimal absorption by the human body as well as 

bioavailability of the drugs during treatment, researchers focus on developing suitable 

and feasible methods and technologies that allow for increasing the aqueous solubility 

and dissolution rate of the drug. One of the most studied techniques is the preparation of 

drug-carrying polymeric nano- or micro-particles to control drug release. For this 

purpose, a wide range of polymers such as polymethacrylate (used as an excipient, 

Eudragit) [3], poly(lactic-co-glycolic) acid (PLGA) [4], polyaniline (PANi) [5-11], 

polycaprolactone (PCL) and polyethylene oxide (PEO) [12] have been investigated for 

their biocompatibility as well as their ability to control drug release from composite materials. 

Suhair et al. tried to increase the dissolution rate of Lov by preparing polymeric 

microparticles via the coacervation phase separation method. The optimum 

microparticles were prepared using Eudragit L100 as polymer, ethanol as solvent, Lov: 

polymer ratio of 1: 2, and SDS surfactant in a concentration of 0.25 %, which resulted in 

an enhanced drug release of 5 folds [3]. Kelly A. Langert et al. prepared Lov-encapsulated 

PLGA nanoparticles at two drug-loading contents of 6.26 % and 25.0 % using an oil-in- 

water emulsion technique. It was reported that these nanoparticles could be an effective 

alternative strategy for local Lov delivery in the treatment of inflammatory demyelinating 

diseases [4]. 

In addition to that, polyaniline, a conducting polymer well known for its versatile 

properties such as anti-corrosion, supercapacitors, biosensors, etc. has been recently 

studied for its medical application, especially as a drug carrier in drug delivery systems. 

Regarding the biocompatibility of single PANi nanomaterials as a drug carrier, Zhang et 

al. investigated PANi nanomaterials with high (Mw~ 48,000 g/mol) and low (Mw~ 4000 

g/mol) molecular weights and reported that the toxicity of PANi decreased as its 

molecular weight increased, in other words, PANi with higher molecular weights may 

have better biocompatibility [5]. However, most studies on PANi-based drug delivery 

systems focused on hollow nanoparticles or hydrogels as carriers of active pharmaceutical 

ingredients like curcumin [6], safranin [7], or indomethacin [8], and mostly in the form 

of composites. Besides, Hussein Shokry et al. developed hybrid scaffolds comprised of 

mesoporous silica nanoparticles embedded in a fiber matrix of polylactic acid- 

polyaniline. These scaffolds were shown to be biocompatible, electroactive, and effective 

at delivering and controlling cell-targeted drug release [9]. Yang et al. prepared graphene 

oxide (GO)-Fe3O4-PANi nanoparticles (NPs), another hybrid composite with magnetic 

properties, and studied its ability to carry and release platinum drugs in drug delivery 

systems for cancer therapies with two platinum complexes carboplatin (CBP) and 

oxaliplatin (OXP) as drug models. The results indicated that the releases of CBP and OXP 

from GO-Fe3O4-PANi NPs were affected by the pH, dose, and temperature. It was also 

reported that this material was biocompatible because almost no toxicity was observed in 

the testing range of concentration from 1 to 125 µg/mL and therefore it can be a great 

contribution to advances in cancer treatment [10]. 

On the other hand, a potential way to enhance the biocompatibility of drug carriers 

in drug delivery systems is preparing these carriers from biomaterials or combining 

biomaterials with polymers possessing desired properties such as PANi, 

polyhydroxyalkonate (PHA), polylactic acid (PLA), etc. In this direction, Minisy et al. 
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incorporated chitosan, a bio-based material, into a polymeric PANi matrix to produce 

chitosan/polyaniline-based nanofibrous composites via an in situ oxidative 
polymerization of aniline in the presence of chitosan. The release of ketoprofen (KP) was 

then studied and found to be linear with time in aqueous buffer solutions simulating 

gastric juice (pH 2.0), small intestinal fluid (pH 6.7), and colon fluid (pH 7.4), and 

increased with the pH of the medium [11]. In another work by Thach Thi Loc and co-

workers [12], the alginate/chitosan/lovastatin composite (ACL) films were prepared with 

the presence of compatibilizers such as PEO and PCL at different contents (3-10%). The 

effect of compatibilizers and their contents on the in vitro release of Lov from ACL films 

was investigated. The results showed that Lov release could be controlled by the addition 

of compatibilizers, and the released Lov content from the ACL containing PEO was 

higher than that from the ACL film with PCL. 

Recently, Cs and Carr have been widely used for fabricating drug carriers thanks to 

their good biocompatibility. However, their abilities to carry and release drugs as well as 

some physicochemical properties are still limited. To improve these properties, we try to 

combine them with PANi. To the best of our knowledge, no study has been reported on the 

Cs/Carr/PANi biocomposite as a Lov carrier. In this work, we aim to (i) synthesize and 

characterize Lov-carrying chitosan/carrageenan/PANi composites at different PANi 

concentrations (0-10 %); (ii) evaluate the effect of PANi on the Lov release from the 

composites in two pH buffer solutions (pH 2 as in the stomach and 7.4 as in the blood). 

2.   Content 

2.1. Chemicals and experimental methods 

* Chemicals 

Carrageenan (Carr) (in powder; containing ≤ 2 % sodium, ≤ 3.5 % calcium, ≤ 11 % 

potassium; pH (1.5 % in H2O) of 7.5–10.5; predominantly κ-Carr and a small amount of 

λ-Carr), chitosan (Cs) (medium viscosity, 200 - 400 mPa.S), and aniline are provided by 

Aladdin (China); dry powder lovastatin (≥ 98%) purchased from Rhawn (China). Other 

chemicals such as C2H5OH, HCl, KCl, CH3COOH, KH2PO4, Na2HPO4, CH3COONa, 

(NH4)2S2O8 were of analytical grades. 

* Synthesis of lovastatin-carrying chitosan/carrageenan/PANi biocomposites with 

variable content of PANi 

The chitosan/carrageenan/PANi biocomposites carrying Lov were prepared by the 

solution blending method. The content of PANi varied from 3 to 10% while keeping 

constant the concentrations of Carr, Cs, and Lov. In the first beaker, Carr was dissolved 

in water (Carr/water ratio = 1 g/ 200 mL) using a magnetic stirrer. The solution was then 

heated to 80oC for 30 minutes and allowed to cool down to obtain solution A. In the 

second beaker, Cs was dissolved in a 1% acetic acid solution (Cs/acetic acid ratio = 1 g/ 

200 mL) at room temperature under stirring for 20 minutes; aniline was then added 

followed by a 30-minute stirring; finally, ammonium persulfate (APS) was added at the 

molar ratio of APS/aniline of 1/1 and kept stirring for 1 hour to obtain solution B. In the 

third beaker, Lov was dissolved in ethanol using a magnetic stirrer to obtain solution C. 

In the next step, solution C was added dropwise into solution B via a glass burette while 
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stirring uniformly with a 20,000-rpm homogenizer to obtain solution D. Solution D was 

then allowed to stir on a magnetic stirrer for 1 hour. Next, solution A (Carr solution) was 

added to solution D while stirring uniformly with a 20,000-rpm homogenizer. The 

mixture obtained was stirred for 60 minutes with a magnetic stirrer and then centrifuged; 

the resulting solid was poured into a petri dish and lyophilized, yielding a brown powder. 

The compositions of the CsCLP composites synthesized are presented in Table 1. 

The ratio of CS:Carr:Lov is 0.1: 0.9: 0.05 as presented in Ref. [13]. 

Table 1. Symbols and compositions of the CsCLP composite samples 
 

No. Symbols of the samples Cs (g) Carr (g) Lov (g) Anilin (mL) 

1 CsCLP1950 0.1 0.9 0.05 0.00 

2 CsCLP1953 0.1 0.9 0.05 0.03 

3 CsCLP1955 0.1 0.9 0.05 0.05 

4 CsCLP1957 0.1 0.9 0.05 0.07 

5 CsCLP19510 0.1 0.9 0.05 0.1 

 

* Characterization of the CsCLP biocomposites 

FT-IR spectroscopy was used to determine the functional groups in the chemical 

structure of materials. The FT-IR spectra of the samples were recorded on a Nicolet iS10 

Thermo Scientific and FTIR/NIR PerkinElmer spectrometer. Samples in powder form 

were mixed with KBr and pressed into pellets that were scanned in the range of 4000 cm-1 to 

400 cm-1 with a resolution of 8 cm-1 and a scan number of 32 at room temperature. 

FESEM images recorded on FESEM S-4800 Hitachi equipment were used to study 

the morphology of samples. 

The thermal behaviors of CsCLP biocomposites were analyzed on a DSC-60 

Shimadzu under a nitrogen atmosphere in the range from ambient temperature to 400oC 

at a heating rate of 10oC/minute. 

Ultraviolet-visible (UV-Vis) spectroscopy was used to determine the content of 

lovastatin released from CsCLP biocomposites in different pH buffer solutions. These 

measurements were recorded on a UV-Vis S60 Libra Biochrom in the range of 200-400 nm. 

* Study of drug release 

The drug release from CsCLP composites was studied in buffer solutions simulating 

gastric juice (pH 2.0) and intestinal fluid (pH 7.4) at 37.0 ± 0.1 oC. Samples of known 

mass were added to a 300-mL beaker containing 200 mL of pH 2.0 or pH 7.4 buffers, 

respectively. The solutions were stirred continuously during the measurements. After 

each 1 hour, 5 mL of solutions were withdrawn and replaced by 5 mL of the fresh 

corresponding buffer to keep the volume of the studied solutions constant. The released 

drug content was determined by measuring the optical absorbance of Lov released from 

the CsCLP samples and using two calibration equations of Lov in the pH 2.0 buffer (y = 

2598.2x – 0.1468, R2 = 0.9972) and the pH 7.4 buffer (y = 3978x – 0.1975, R2 = 0.9985). 

Each experiment was replicated three times. 
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2.2. Results and discussion 

2.2.1. FTIR spectra of CsCLP 

Figure 1 presents the FTIR spectra of Cs, Car, Lov, and CsCLP composites. It can be 

seen from the FTIR spectrum of pure Lov that the absorption bands were well attributed 

to characteristic groups in the Lov structure, such as 3644 cm-1 (stretching vibration of 

the –OH group), 1696 cm-1 (stretching vibration of the saturated –C=O in the lactone 

ring), and 1071 cm-1 (the –C–O– bond) [14]. With the spectrum of Carr, a vibration band 

at 847 cm-1 was assigned to the sulfate group at the C4 position of the galactose ring. The 

absorption bands at 3431 cm-1, 1639 cm-1, and 1077 cm-1 were attributed to valence 

vibration in the –OH, C=O, and –C–O– groups, respectively [15]. On the spectrum of Cs, 

all characteristic vibrational bands also appeared: 3360 cm-1 (vibration of –OH, –NH– 

groups, and intramolecular hydrogen bonds); 2920 cm-1, 2966 cm-1 (symmetrical and 

asymmetrical stretching vibrations of C-H bonds); 1598 cm-1 (vibration bands of the N- 

acetyl and C=O bonds); 1028 cm-1 (asymmetrical deformation vibration band of the C– 

O–C group) [16]. With the FTIR spectrum of PANi, absorption bands characterized 

functional groups in the synthesized PANi structure, such as vibrations of the benzenoid 

ring at 1560 cm-1 and quinonoid ring at 1483 cm-1; valence vibrations of the N–H 

secondary amine at 3436 cm-1, and C– H of the phenyl ring at 2867 cm-1; vibrations of N 

atoms bonded to quinonoid rings (N=quinoid=N) at 1294 cm-1; vibrations of C atoms in 

aromatic rings bonded to diamine N atoms at 1240 cm-1; and valence vibration of the C– 

N+ group at 1097 cm-1 [17]. 

 

Figure 1. FTIR spectra of Cs, Carr, Lov, PANi, and CsCLP composites 



Synthesis and characterization of Chitosan/Carrageenan/Polyaniline-based… 

69 
 

Typical bands of all components (Cs, Carr, Lov, and PANi) can be observed on the 

spectra of CsCLP composites with slight shifts to the smaller wave number. This can be 

explained by strong interactions formed in the composite structure, such as dipole 

interactions between HSO3
- groups in Carr and NH3

+ groups in Cs protonated by acetic 

acid; hydrogen bonds between OH and NH2 groups. The characteristic band at 3405 – 

3460 cm−1 observed with CsCLP samples was attributed to valence vibrations of the O– 

H and N–H groups in Carr, Cs, and PANi. The 1615 – 1625 cm−1 band can be assigned 

to the C=C bonds of the quinonoid structure in PANI. The 1050 cm−1 band is assigned to 

the secondary and primary hydroxyl groups [18]. 

The small changes that occurred with the FTIR spectra of CsCLP composites also 

prove that all components in the composites are linked together through weak bonds 

(hydrogen bonds) without forming new chemical bonds. Therefore, the structure remains 

unchanged, resulting in stable physicochemical properties for each component. The 

change in PANi contents did not change the absorption spectra of the composites, proving 

that polymers interact well with each other and with the drug. The typical signals of all 

studied samples are listed in Table 2. 

 

Table 2. Typical wave numbers of functional groups present in Cs, Carr, Lov,  

and CsCLP composites 

 Cs Car Lov PANi CsCLP 

1953 

CsCLP 

1955 

CsCLP 

1957 

CsCLP 

19510 

νOH, NH2 

νNH 

3360 3431 3644 3436 3460 3410 3405 3450 

νC=N - - - - - 1560 1620 1620 1625 1615 

νC=C(aren) - - - - - 1483 1590 1580 1590 1575 

νCH no 2920 2966 2966 2867     

νC=O - 1639 1696 - 1638 1637 1637 1644 

δNH 1598 - - 1600 1638 1630 1635 1630 

 

 

δCH 

 

1376 

 

1380 

 

- 

1097, 

960, 

900, 

875 

 

1223 

 

1229 

 

1216 

 

1229 

νC-O-C 1028 1077 1071 - 1042 1035 1042 1042 

νS=O - 847 - - - - - - 

 

2.2.2. Morphology of CsCLP composites 

FESEM images of CsCLP composites with increasing content of PANi are presented 

in Figure 2. It can be seen from FESEM images that Lov particles were well dispersed 

into the Cs/Carr/PANi matrix. The sample CsCLP1955 depicted the best dispersion, 
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while other samples tended to form clusters with bigger sizes. This proves that the PANi 

content also affects the ability to disperse Lov particles into the polymer matrix. The 

tendency of the samples CsCLP1953 and CsCLP1957 to form clusters showed that PANi 

has formed electrostatic bonds with chitosan and dipole interactions between protonated 

amine groups in chitosan and sulfate groups in Carr, creating porous holes. This helps 

Lov penetrate the structure and form bonds with the matrix. In the 3 % PANi sample 

(CsCLP1953), a low concentration of PANi has caused a decrease in the porosity of the 

structure; therefore, the Lov particles are more difficult to disperse into the matrix. As for 

the 7 and 10 % PANi samples, they formed a dense network, linked to amine groups in 

Cs, reducing the groups capable of forming hydrogen bonds, so the number of hydrogen 

bonds between Lov and the composites was reduced. As a result, Lov particles aggregated 

together [19, 20]. 

 

 

 

 

 

 

Figure 2. FESEM images of CsCLP composites with variable PANi contents 

2.2.3. Thermal properties of CsCLP composites 
 

Figure 3. DSC diagrams of PANi, Lov, and CsCLP composites  

with variable PANi contents 
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Table 3. DSC parameters obtained with Lov, PANi, and CsCLP composites 

Samples 
1st endothermic 

peak (oC) 

1st enthalpy 

(J/g) 

2nd 

endothermic 

peak (oC) 

2nd enthalpy 

(J/g) 

PANi 74.1 -188.37 209.6 -64.51 

Lov - - 174.3 -88.53 

CsCLP1953 43.8 -170.76 168.9 -10.88 

CsCLP1955 58.2 -79.86 164.8 -4.78 

CsCLP1957 44.3 -62.75 166.6 -7.49 

CsCLP19510 44.5 -179.32 167 -8.90 

The DSC results are presented in Figure 3 and Table 3, which show that the Lov 

compound has an endothermic peak at 174.3oC corresponding to its melting point [21, 

22, 23], while PANi demonstrates the first endothermic peak (assigned to its glass 

transition) at 74.1oC and the second one at 209.6oC (assigned to its melting point) [24]. 

When incorporating Lov and PANi into the chitosan/carrageenan composites, the melting 

point of Lov decreased to 164.8 – 168.9 oC (a decrease of 5 – 9oC). This can be due to the 

porous structure of the polymer matrix dispersing Lov particles to smaller sizes, reducing 

the crystallinity, and then reducing the melting point of Lov in the composites [18]. The 

CsCLP1955 sample showed the lowest melting point (164.8oC) among the CsCLP 

composites. This can be explained by the best dispersion of Lov into the composite, in 

other words, the smallest particle size. Especially, the first endothermic peaks of all 

composite samples range from 43.8oC to 58.2oC, probably attributed to the dehydration 

process of hydrophilic groups in Cs and Carr, in which the CsCLP1955 sample has the 

highest dehydration temperature. This may be because the PANi particles bonded well 

with chitosan and uniformly dispersed into the composite, increasing the dehydration 

temperature of the sample. In addition to that, the incorporation of Lov into the 

composites resulted in lower melting points of Lov compared to pure Lov, which can be 

explained by hydrogen bonds formed between Lov particles and polymers in the 

composites, leading to lower particle sizes [18, 19]. Once again, the lowest melting point 

of Lov in the CsCLP1955 sample proves the smallest particle sizes as well as the best 

dispersion, which is also consistent with the FESEM results. 

2.2.4. Lovastatin release from CsCLP composites 
 

Figure 4. Plots of time-depending Lov amounts released from CsCLP composites 

at pH 2.0 and pH 7.4 
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The Lov releases from CsCLP composites at pH 2.0 and pH 7.4 are shown in Figure 4. 

It can be seen from Figure 4 that the releases of Lov from the composite without PANi 

(the CsCLP1950 sample) in both pH buffer solutions are lower than those from the 

composites with PANi. It is believed that the binding of PANi to the NH2 groups in Cs 

reduces the hydrogen bonds in the composites; therefore, in buffer solutions, the 

composites easily swell and release faster and more effectively [11, 25]. In the pH 2.0 

buffer solution, amine groups in Cs were protonated, and at the same time, H+ ions also 

attacked and weakened the bonds between Cs and Carr, loosening these bonds and 

making them easier to release Lov particles [18, 19]. However, there were no certain rules 

for the samples. Based on the drug release results, it was clear that sample CsCLP1955 

was the best choice. This is because Lov is better protected in the stomach since its release 

is slow at pH 2.0 while releasing well at pH 7.4 (intestinal pH) facilitates the absorption 

process into the blood. At neutral pH values, the amine groups tend to deprotonate, which 

may reduce the attraction between Lov molecules, thereby making Lov dissolve more 

easily. This enhances the release rate and ratio of Lov at pH 7.4 (higher than pH 2.0). In 

an acidic medium, the amine, imine, and hydroxyl groups of Cs, PANi, and Carr are 

protonated, thus binding well to Lov and making it less soluble in pH 2.0 buffer solution [11], 

resulting in its reduced release rate. 

3.   Conclusions 

In this work, the chitosan/carrageenan/lovastatin/polyaniline biocomposites were 

successfully synthesized with an optimized content of PANi of 5 % wt., which was proved 

by the smallest melting point as well as the best dispersion of Lov particles in the 

composite. The influence of PANi on the ability to release Lov from these CsCLP 

composites was also evaluated using UV-Vis molecular absorption spectroscopy. The 

incorporation of PANi into the Cs/Carr/Lov composite enhanced the Lov release from the 

composite due to a decrease in the number of groups forming hydrogen bonds in Cs. Lov 

released well in neutral media (pH 7.4 simulating the intestinal fluid) by reducing the 

protonation of the functional groups in PANi and Cs. 
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