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ABSTRACT  

The κ-carrageenan/sodium alginate beads were prepared for drug delivery system. The presented study; 

describes the preparation of κ-carrageenan/sodium alginate beads and their feasibility as potential carriers for 

delivery of polysaccharide drugs was evaluated. Moreover, the pH sensitive behavior of beads was measured in 

simulated gastrointestinal tract condition. Furthermore, the hydrogel beads were loaded with polysaccharides 

extracted from naturalmushroom, and their release was monitored. This results showed that; the swelling ratio 

of beads indicated pH-dependent properties with maximum water absorbing at pH 7.4. Moreover, the highest 

amount of released polysaccharide was 27.2% at pH value 7.4 within 6 h. It was observed that the 

encapsulation of κ-carrageenan with sodium alginate reduced the premature release of drug in the stomach 

mimicked condition acidic pH and released the drug more specifically to the colon mimicked condition alkaline 

pH. Therefore, these results suggest that microcapsules could be further developed as effective drug delivery 

system with pH sensitive drug release ability.  
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1. INTRODUCTION 

Biopolymers and their derivatives have 

drawn increasing attention in medical field as 

carriers for controlled drug delivery due to their 

safety, and biocompatibility (Zare-Akbari et 

al. 2016, Noisri, Nongkhai, and 

Trakulsujaritchok 2017 and Dai et al. 2008). 

The pH-sensitivity of hydrogel is an important 

factor in designing polymers for controlled 

drug release in the gastrointestinal tract, which 

has a variation of pH from the stomach to the 

intestine.Hydrogels from natural polymers; 

especially polysaccharides have been widely 

used because of their advantageous properties 

such as nontoxicity, biocompatibility, and 

biodegradability. Among these polymers, 

carrageenans which normally ionic polymers 

consisted of  a linear of polysaccharides and 

extracted from red seaweed(Khan et al. 2017). 

Kappa-carrageenan (K-CG) is one of the 

carrageenan family which broadly used as 

gelling-stabilizing and thickening agent in the 

food industry (Xu et al. 2014). It has one 

sulfate group per a disaccharide repeating unit 

and can interface with oppositely charged 

polymers by ionic interaction(Navikaite et al. 

2016). An advantage of K-CG is capacity to 

form hydrogel with green condition be that as it 

may, its high swelling leads to burst initial drug 

release. This deficiency can be solved by 

blending or coating the K-CG with other 

polymers with lower swelling characteristic for 

example, sodium alginate. Sodium alginate 

(SA) is an anionic linear polysaccharide 

extracted from brown seaweed, and consists of 

1→4 linked D-mannuronic and L-glucuronic 

acids. It gel is pH-sensitive because of the 

presence of carboxylic group along the 

backbone. Sodium alginate based structured 

polymers are especially attractive in 

pharmaceutical and encapsulation application 
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Photo1: Showing different mushroom strains culturedon PDA medium. 

 

(Noisri et al. 2017). Sodium alginate was 

chosen as the biopolymer for this research 

because alginates are polysaccharides produced 

naturally that are biodegradable, non-toxic, and 

biocompatible and have the capacity to 

incorporate acid labile drugs into the matrix 

formed after cross-linking(Almeida and 

Almeida 2004, Tong et al. 2017). Alginates are 

hydrocolloids, water soluble biopolymer, 

extracted from brown seaweed and composed 

of α-L-glucuronic acid β-D-mannuornic 

residues (Almeida and Almeida 2004, Prabu 

and Tnk 2017 andK. Y. Lee 2012 and 

Andrew D Clarke., et al.2017). 

Polysaccharides are the major category of 

bioactive compounds found in mushroom. The 

overall therapeutic effects of polysaccharides 

are antioxidant, antidiabetic, anti-bacterial, 

anti-inflammatory, anticancer and 

immunomodulators(Puri 2017, Elsayed et al. 

2014).Polysaccharides from Mushrooms have 

isolated and characterized such as pleuran from 

Pleurotus species, lentinan and erothionine in 

Lentinula. edodes, ganoderan from 

Ganodermalucidium and agaritine from 

Agaricussp and calocyban from Calocybeindica 

(Rathore, Prasad, and Sharma 2017). Many 

polysaccharides have been accounted for that 

show immuno-stimulatory and antitumor 

activities(Zhang et al. 2017). In this study, 

microcapsules frombio polymeric hydrogels as 

a drug delivery device in simulated 

gastrointestinal system (SGI) were investigated. 

Moreover, K-CG/SA beads was prepared and 

investigated as microcapsule drug carrier for 

the controlled release of polysaccharide 

extracted from mushroom. 

2. MATERIALS AND METHODS 

2.1. Materials 

Alginic acid sodium salt (High viscous), 

Kappa Carrageenan, potassium chloride and 

calcium chloride anhydrous were obtained from 

Sigma–Aldrich. Distilled water was used 

throughout this research. All other chemicals 

were of analytical grade and were used without 

any further purification. 

2.2. Methods 

2.2.1 Mushroom fruiting bodies and 

culture conditions 

This study consisted of nine wild 

mushrooms growing species. Mushroom 

fruiting bodies were cultured on Potato 

Dextrose Agar (PDA) medium and incubated at 

25
o
C for 5-7 days then purified on PDA 

media.Purified mushrooms were stored in 50% 

glycerol at -80C
0
. 

2.2.2 Isolation of polysaccharides extracts 

Mushroom polysaccharide extracted 

according to Jian-Yong Wu method with some 

modifications (Wu 2017). The filamentous 
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Figure (2): Schematic diagram represents the formation of beads using encapsulator. 

 

hyphae of mushroom were cultured into Potato 

Dextrose broth medium at 27 °C for eight days. 

The mycelium were harvested and centrifuged 

at 2,000 rpmfor 15min; the culture supernatants 

were separated carefully and filtered through 

filter paper. The resulting supernatantwas 

heated at 90°C for 1 hr. To precipitate of 

polysaccharide add ethanol and put the mixture 

in 4°C for 24 h. Then put mixture in oven at 50 

°C for 72 h. Then precipitate scratched and 

collected in Eppendorf. 

2.2.3. Preparation of polymers for 

microcapsules 

Alginate (Alg) and kappa carrageenan 

(KCG) solutions were prepared separately by 

dissolving the biopolymer in distilled water and 

heating at 70°C (for Alg) and 80°C (for KCG), 

while stirring constantly for 30 min. a mixture 

containing 1 % of KCG solution, 0.5 % of Alg 

solution with ratio 5:10 respectively. 

2.2.4. Formulation of pharmaceutical 

polysaccharide microcapsules 

Polysaccharide (100 mg) dissolved in 2.5 

ml of distilled water were mixed with 5 ml of 

0.5 % sodium alginate and 2.5 ml of 1 % kappa 

carrageenan solution pre-sterilized at 121°C for 

15 min. under continuous stirring until 

complete homogenization is reached. For 

polymer beads preparation, 10 ml of the latest 

solution is poured into a stirring salt solution 

composing of 100 ml of 3.0 % KCl and 100 ml 

of 3.0% CaCl2 using the encapsulator and using 

a100 µl spray nozzle. The resulted beads are 

continuously stirred inCaCl2 and KCl solution 

for at least 30 min. The obtained beads are 

filtered out by washing with distilled water. 

The process is described briefly in Fig. 2 

2.2.5. In vitro release studies 

In vitro polysaccharide release study was 

carried out in simulated gastric fluid at pH 1.2, 

phosphate buffer saline pH 7.2, and acetate 

buffer solutions at pH 3.6, 4.6 and 5.6. The 

release profile was studied on beads obtained 

with size of 100µm. The beads were suspended 

in 50 ml of dissolution media at different pH 

values. These dissolution media were stirred at 

120 rpm in a horizontal laboratory shaking 

water bath and maintained at 37 ± 0.5°C. At 

different time intervals, the release medium 

was withdrawn and the same volume of fresh 

medium was replaced to maintain the constant 

volume. The amount of released polysaccharide 

was measured by a spectrophotometer at 

490nm. and calibrationcurve of polysaccharide 

standard solutions ranging from 1 to 100 µg/ml 

using distilled water as blank in 

spectrophotometer(Cuesta et al. 2003). All 

release tests were performed in triplicate. 

2.2.6. Swelling behavior 

Swelling behavior of the beads was 

evaluated at pH 7.4. The sample was accurately 

weighed and placed in 10 ml of buffer solution. 

https://www.google.com.eg/search?q=kappa+carrageenan&spell=1&sa=X&ved=0ahUKEwjQ3fmErJzcAhWkHpoKHYYNA9gQkeECCCMoAA
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After the specific time interval, the swollen 

beads were taken out, removed the excess 

solution and weighed. The swelling ratio was 

calculated by the following equation:  

Swelling ratio (%) = (Ws - Wd)/ Wd×100 

Where Ws and Wd are the weights of swollen 

and dry beads, respectively. 

3. RESULTS AND DISCUSSION 

3.1. Yield of polysaccharides from different 

strains 

The yield of polysaccharide extracted from 

different strains of mushrooms cultured in 250 

ml of potato dextrose broth medium was 

highest in isolate 4 (I4) (7.02 mg/250 ml), 

followed by I5 (3.2 mg/250 ml), I1 (2.98 

mg/250 ml), I2 (2.77 mg/250 ml) and yield of 

I10, I9, I7, I6 and I8 respectively2.36, 2.16, 

2.02, 2.01 and 1.88 mg/250 ml Fig. 3. 
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Figure(3): yield of polysaccharides from different 

strains. 

3.2. In vitro release studies 

The oral route of administration is the most 

convenient, favored, and desirable method of 

administering drugs for systemic effects. 

Traditional oral formulation methods employed 

in a majority of currently commercially 

available pharmaceutical products provide 

clinically effective therapy and safety to the 

patient. To overcome the limitations of 

conventional immediate-release dosage forms, 

a wide variety of oral drug delivery systems 

have been developed in recent days that 

provide sustained-release dosing and are 

capable of maintain steady plasma drug levels 

for extended periods of time with reduced side 

effects(Patel et al. 2016). The in vitro drug 

release profile of polysaccharide in different pH 

from the kappa-carrageenan alginate beads is 

shown in Fig. 4. The drug release from alginate 

beads is dependent on the penetration of the 

dissolution medium into the beads, swelling 

and dissolution of the alginate matrix, and the 

dissolution of the drug subsequent to leaching 

through the swollen matrix (García-González 

et al. 2015). 
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Figure (4):In vitro Cumulative release percentage 

of polysaccharide in different pH. 

The effect of pH on the amount of drug 

release behavior at 37°C was presented in 

figure (4). Release behavior of polysaccharide 

from alginate and kappa carrageenan beads was 

also investigated at acidic conditions pH 1.2, 

gastric pH conditions, in order to determine 

their potential to promote fast release in the 

gastric environment. Polysaccharide exhibited 

low solubility and dissolution rate under acidic 

conditions. Moreover, cross-linked kappa 

carrageenan and alginate beads are resistant to 

acidic conditions and are not able to dissolve in 

aqueous media, likely influencing the release 

behavior of the drug incorporated to these 

carriers. In contrast to drug release profiles at 

pH 7.2, alginate beads accelerated 

polysaccharide release at simulated gastric pH 

conditions, which is consistent with previous 

reports(Radin, Chen, and Ducheyne 2009). 

The release of drug in pH 1.2 solution was 

slower as compared to that in pH 7.4 buffer 

solution (Dai et al. 2008). This may be due to a 
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higher swelling of hydrogel beads in alkaline 

pH condition. It was observed that, the rate of 

polysaccharide release was depending upon the 

crosslinking; as the concentration of cross-

linking agent was increased in the beads, the 

drug release was decreased. It may be due to 

the fact that at higher crosslinking, free volume 

of the polymer matrix decreases, thereby 

blocking the movement of solutes through the 

polymer matrix (Kulkarni et al. 2012). 

Moreover, the results showed that the 

calcium alginate beads exhibited lower 

diffusion coefficient for polysaccharide in an 

acidic medium. The initial burst release 

behavior can be described as the fast diffusion 

of polysaccharide molecules in the surface 

layer of the beads. At pH below thepKa of 

alginate (3.2 and 4 for guluronic acid and 

mannuronic acid, respectively), most of the 

carboxyl groups were in the form of COOH, 

thus reducing the electrostatic repulsion, and 

the intermolecular hydrogen bond would 

restrict the relaxation of polymer chains. A 

more compact network would be formed and 

thus reduce the release of polysaccharide. On 

the other hand, the amount of released 

polysaccharide in pH =7.4 reached to the 

highest (27.2 %) within 6 h. This higher release 

rate may be related to the higher swelling ratio 

of the beads and the weak H-bonding 

interaction between polysaccharide and 

polymer network in the neutral phosphate 

buffer and in the neutral and alkaline media. In 

these conditions, the carboxyl groups became 

ionized (COO groups) which would induce the 

electrostatic repulsion among negative charges 

in the alginate beads. This would cause the 

alginate hydrogel network to expand and 

increase the free volume spaces in the matrix, 

thus a higher diffusion coefficient was 

observed. A similar behavior and results with 

other drugs have also been reported by other 

researchers (El-aassar et al. 2014). 

3.3. The swelling behavior 

Swelling behavior of the prepared beads 

was studied in order to gain a better 

understanding of the pH-sensitive. The swelling 

behavior of the beads is mainly attributed to the 

hydration of the hydrophilic groups (Hoffman 

2012). This factor is an important factor for 

drug delivery system, because it takes part in 

controlling the diffusion and release of drug 

from the beads. The equilibrium swelling study 

of the beads was carried out in buffer solutions 

at pH 7.4. The results showed that, the swelling 

increased with time Fig. (5). Moreover, the pH-

dependent swelling behavior was due to the 

carboxylate and sulfate groups of sodium 

alginate and kappa carrageenan. However, in 

basic solution pH 7.4, the carboxylate and 

sulfate groups became ionized, and the 

electrostatic repulsion caused the hydrogels to 

significantly swell (Noisri, Nongkhai, and 

Trakulsujaritchok 2017,Dai et al. 2008). 
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Fig. (5)Swelling profiles of the beads in buffer 

solution pH 7.4 

CONCLUSION 

In this study beads of kappa carrageenan/ 

sodium alginate were prepared as a pH-

sensitivedrug carrier for colon-targeted drug 

delivery. The beads loaded with polysaccharide 

extracted from natural wild mushroom. The 

beads showed pH-dependent swelling and drug 

release. Thein vitro release assay demonstrated 

that the alginate/carrageenan beads provided a 

sustained and controlled release of the 

polysaccharide for an extended period of time. 

The drug release was significantly increased 

when pH of the medium was changed from 

acidic to alkaline. 
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