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H
ighly practical conditions were accomplished to prepare new ionically cross-

linked polymer network hydrogel beads (Caralgi) composed of polysaccharides

carrageenan and sodium alginate. Disodium phosphate and the acetate deriv-

atives of betamethasone were simultaneously loaded while the hydrogel network was

being formed. A maximum loading efficiency of 91% was achieved at pH 4.8 and tem-

perature 75ºC. The morphology of the Caralgi hydrogels with and without drug was

investigated using SEM analysis. A more regulated morphology was observed when

the drug was incorporated into the hydrogel. The in vitro release behaviour of the drug-

loaded Caralgi samples prepared under various conditions was also studied. The full

natural system has exhibited release behaviour with no burst effect. No major differ-

ence was found in the loading and release when a highly water-soluble derivative of

the drug, i.e., betamethasone disodium phosphate was used.

INTRODUCTION

Polysaccharides such as alginates

and carrageenans as carbohydrate

biopolymers are generally non-

toxic, biocompatible, biodegrad-

able, and abundant. They play an

important role in development of

controlled drug release formula-

tions, since they possess unique

advantages [1,2]. It is needed to say

that chitosan and cyclodextrin have

also been used to design devices of

controlled drug delivery systems

[3,4].

Alginates are linear polysaccha-

rides which have 1,4–linked β-D-

mannuronic acid and α-L-guluron-

ic acid residues arranged as blocks

of either type of units or as random

distribution of each type of units

[5]. The use of alginate in most

Available online at: http://journal.ippi.ac.ir
 



applications lies in its ability to form heat-stable

strong gels with divalent or trivalent cations, most

generally Ca+2. The strength of the gel has been

attributed to the electrostatic interaction of the cations

with  gluronic residues, affording a three-dimensional

network which is described by an “egg-box” model.

Sodium alginate has been extensively studied for

microencapsulation due to its low cost and minimal

processing requirement [6]. 

Carrageenans are commercially important poly-

saccharides that occur in numerous species of sea-

weeds. These linear sulphated biopolymers are com-

posed of D-galactose and 3,6-anhyro-D-galactose

units [5,7]. Carrageenan is being used increasingly in

pharmaceutical formulation studies [8].

Hydrogels have been used extensively in the

development of smart drug delivery systems. A hydro-

gel is a network of hydrophilic polymers that can

swell in water and hold a large amount of water while

maintaining the structure. A three-dimensional net-

work is formed by cross-linking polymer chains.

Cross-linking can be provided by covalent or ionic

bonds, hydrogen bonding, Van der Waals interactions,

or physical entanglements. Hydrogels can protect the

drug from hostile environments, e.g., the presence of

enzymes and low pH in the stomach. The types of

environment sensitive hydrogels are also called

“intelligent” or “smart” hydrogels. Among the hydro-

gels, temperature and pH-sensitive hydrogels are the

most widely investigated cases, since pH and temper-

ature are important variable factors in different parts

of human body [9]. The hydrogel with interpenetrat-

ing polymer network structures were also studied over

the years [10].

Sodium alginate together with carrageenan has

rarely been used to form an individual system. They

are jointly used in the drug delivery systems [11] and

special membranes [12]. Most recently, we prepared

carrageenan-alginate (Caralgi) complex beads by

dropping aqueous solution of carrageenan (Car) and

alginate (Algi) into calcium chloride and potassium

chloride solutions to form ionically cross-linked

hydrogel beads. Then, we investigated the loading

and release of betamethason in different conditions

[13,14].

Betamethasone as an anti-inflammatory synthetic

corticosteroids drug has wide applications in treat-

(a) (b)

Scheme I. Chemical structures of (a) betamethasone

acetate and (b) betamethasone disodium phosphate.

ment of disorders ranging from asthma and dermatitis

to musculoskeletal disorders [15]. Betamethasone is

commercially available in both soluble and insoluble

forms (Scheme I). Corticosteroids suppress inflam-

mation and cicatrisation. Dosage forms of betametha-

sone are as oral solutions, tablets, solutions for injec-

tion, creams, gels, ointments, foams, and lotions for

the anti-inflammatory properties [16,17]. Caralgi

beads can be incorporated into capsules for oral

administration.

In the present work, after loading betamethasone

acetate and disodium phosphate on Caralgi, several

parameters that have certain influence on loading effi-

ciency were modified through the emphasis on the

effects of bead formation temperature, drug content

and its type. The in vitro release behaviour of the

modified beads was also studied. 

EXPERIMENTAL

Materials

Sodium alginate (Alg) and κ-carrageenan (κC) were

purchased from Fluka (Switzerland) and Condinson

(Denmark), respectively. Calcium and potassium

chlorides were analytical grade and used as received.

Betamethasone acetate and betamethasone disodium

phosphate (BP grade) were obtained from Daru

Pakhsh Pharmaceutical Co. (Iran) and used as

received.

Preparation of Drug Loaded Caralgi Hydrogel

Beads

Alg and κC solutions were prepared separately by dis-

solving each of the biopolymers in distilled water, and
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heated at 70ºC (for Alg) and 80ºC (for κC), while stir-

ring constantly for 30 min [13,14,18].

A mixture composed of 2.0 g carrageenan solution

3.5%, 8.0 g alginate solution 3.5%, and a given

amount of drug (25-175 mg) was agitated at 60ºC for

15 min. The mixture was then added dropwise (using

a 5-mL glass syringe equipped with a needle of 20 μm

inner diameter) into a stirring salt solution containing

100 mL of KCl 3.0% and 100 mL of CaCl2 3.0%,

while it was heated at desired temperature range 25-

85ºC (the salts solution pH was previously adjusted at

4.8 by using HCl 0.2 N). The selected concentrations

of carageenan, alginate, Ca2+ and K+ were taken from

a previous work on the optimization of the

carageenan-alginate beads by classical and Taguchi

method [13]. After completion of gelation at fixed

conditions (30 drops/min, agitation rate 50 rpm, hard-

ening time 30 min), the beads were filtered and thor-

oughly washed with distilled water, and dried

overnight at 30ºC.

Determination of Loading Efficiency

The drug-loaded beads (0.025 g) were added and dis-

solved in 100 mL distilled water and stirred at 37ºC

for 24 h. Samples of 2.0 mL were withdrawn and sub-

jected to drug assay by means of UV spectrophotom-

etry at 242 and 241 nm for the acetate and disodium

phosphate derivatives of the drug, respectively, by

means of calibration curve. The loading efficiency

was calculated from dividing the assayed quantity by

the theoretical quantity of drug loaded in the initial

dry beads as follows.

Loading efficiency (LE%) = 100× (Dactual/Dtheory) (1)

Theoretical percentage of drug in the extraction 

solution (Dtheory) = 100× (mi.md/mtv) (2)

Actual loaded drug (Dactual) = (A-b)/a (3)

where,

mi = weight of the drug-loaded beads for extraction,

mg

md = initial weight of drug in the loading feed, mg

mt = total weight of dried beads after loading, mg

v = volume of the extraction solution, mL

A = amount of absorbency read from the UV/Vis

spectrophotometer

a = slope of the calibration curve A vs. drug concen-

tration

b = intercept of the calibration curve A vs. drug con-

centration

Scanning Electron Microscopy

Surface morphology of the beads was studied by

scanning electron microscopy (SEM, Cambridge 

S-360).

In Vitro Release Experiments 

An in vitro dissolution test of betamethasone acetate

and disodum phosphate derivatives from Caralgi

beads was carried out separately in triplicate using the

USP method [19] at a stirring rate of 100 rpm at 37ºC

in 500 mL phosphate buffer solution with pH 7.4.

Dried beads were added to the buffer solution and

stirred. Two mL solution samples were taken at given

time intervals and replaced with 2 mL of the fresh

buffer. The taken sample was analyzed by UV spec-

trophotometer at corresponding wavelengths. 

RESULTS AND DISCUSSION

Effect of Temperature on Loading Efficiency 

A series of experiments was conducted to find an

appropriate temperature for the drug loading.

According to Figure 1, as the temperature is

increased, the loading efficiency is gradually

increased to the maximum 77% at 75ºC. Beyond

Figure 1. Effect of the bead formation temperature on the

loading efficiency of betamethasone acetate on Caralgi

hydrogel beads.
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Figure 2. Effect of betamethasone acetate concentrations

on the loading efficiencies while bead formation tempera-

tures were maintained at 75ºC and 85ºC separately.

75ºC, the loading is highly diminished. At lower tem-

peratures, decreasing motion of the K+ and Ca2+ as

well as decreasing polysaccharide chain motions

resulted in diminished ionic interactions and lead to

the formation of loosely cross-linked hydrogel net-

works [20]. Such weak networks cannot be incorpo-

rated to the drug loading efficiently and still hold it. In

contrast, the more condensed network formed at high-

er temperatures will be able to gain higher percent-

ages of drug.   

Nevertheless, the drug solution may be extruded

out of the beads by a highly condensed network

formed at the temperature higher than 75ºC. At 85ºC,

for example, lower efficiency of drug loading was

obtained at nearly any concentrations of the drug

(Figure 2). As a result, a temperature of 75ºC was rec-

ognized to be suitable for an efficient simultaneous

bead formation and drug loading. 

Effect of Drug Concentration on Loading

Efficiency

Several concentrations of drug (0.25-1.75 wt%) were

selected to find the optimum drug used for loading

process conducted at 75ºC and 85ºC. According to the

results plotted in Figure 2, the highest drug loading

efficiency, i.e., 91% was achieved using a drug con-

centration of 1.25% at the temperature of 75ºC. At

85ºC, a loading efficiency of 61% was obtained for

the same concentration of drug. The amount of drug

under 1.25% in network was low and therefore the

loading efficiency was low as well. Beyond 1.25%

Figure 3. SEM micrograph of a betamethasone-loaded

Caralgi bead (magnification ×500). 

drug content, the amount of drug was higher than the

capacity of the network and so drug crystals were

observed on the surface of the beads (Figure 3).

Morphology

Scanning electron micrographs of drug-loaded and

drug-free Caralgi beads are shown in Figure 4. Two

different morphologies are obvious in these SEMs. A

more regular morphology was obtained (Figure 4b

comparing with 4d) when the drug was incorporated

into the hydrogel. This morphological regularity

could originate from such molecular interactions like

hydrogen bonding between the drug and polymer net-

work during the simultaneous Caralgi formation-drug

loading. We have empirically found that the drug-

incorporated beads possess higher strength than the

drug-free beads, either in the dried state or in the

course of the bead formation. This improved mechan-

ical strength may be related to the hypothetical drug-

hydrogel bondings.

Release Studies

The in vitro controlled drug release was studied at

37ºC in buffered solutions with pH 7.4. Three samples

of the drug-loaded Caralgi beads (prepared at the

highest temperature) were chosen for these investiga-

tions. As shown in the release profiles given in Figure

5, sample AF3 with the highest loading efficiency

exhibits a retention time as long as ~60 min. This can

be attributed to a more condensed Caralgi beads

formed in the presence of drug molecules interacting

Iranian Polymer Journal / Volume 16 Number 10 (2007)714
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as a strengthening additive (probably hydrogen bond-

ing between the polymer and drug improves the mor-

phological strength). Based on the same reason, the

higher loading of the drug gave more contracted

beads, which in turn results in longer retardation time

of drug release from the beads.

On the other hand, the higher temperature of 85ºC

disfavoured the incorporation of drug due to the

loosely formed network. The beads having lower

incorporated drug (71% for the sample AZ5) pos-

sessed less hydrogel contraction and, therefore, it lead

to shorter retardation time (~20 min), higher rate, and

higher amount of drug release (Figure 5).

In preliminary study of the influence of the drug

derivative on the loading and release, betamethasone

disodium phosphate was also incorporated in the

Caralgi beads under the same conditions optimized

Figure 5. Profiles of the in vitro release of drug from the

betamethasone acetate-loaded beads measured at pH 7.4

and 37ºC. The drug-loaded bead preparation conditions

are: AZ5: drug 1.25%, pH 4.8, 85ºC; AF3: drug 1.25%, pH

4.8, 75ºC; AT6: drug 1.00%, pH 4.8, 75ºC.
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Figure 4. SEM micrographs of betamethasone-loaded ( a and b) and drug-free Caralgi beads (c and d) in two views

(The magnification of the above and bottom pictures are ×80 and ×500, respectively).
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Figure 6. Release profile of Caralgi loaded with betametha-

sone disodium phosphate. The drug-loaded bead prepara-

tion conditions are: drug 1.25%, pH 4.8, and 75ºC.

for the acetate derivative of the drug (drug 1.25%, pH

4.8, and 75ºC). The water-solubility of the disodium

phosphate derivative is much greater than that of the

acetate derivative (vs. in distilled water) due to its

ionic character (Scheme I). Nevertheless, there was

no basic difference being observed in either loading

efficiency or release behaviour (Figure 6). According

to Figure 6, the release trend is very similar to the

release profile of the sample AF3 plotted in Figure 5.

The beads, however, exhibit a shorter retardation time

(~40 min vs. 60 min) at the early stage of the drug

release. This can be attributed to the higher water-sol-

ubility of the betamethasone disodium phosphate in

comparison with the acetate derivative of the drug.  

To study the effect of the type of polysaccharide

network on the drug release, release behaviour of the

three drug-loaded samples including alginate-Ca2+,

carrageenan-K+ and Carralgi were investigated at pH

1.2 and 7.4 as in previous study [14]. 

Another release experiments were performed in a

similar manner with the changing medium from stom-

ach to intestine. Thus, the same drug-loaded hydro-

gels were studied while the environmental pH was

alternatively changed from 1.2 to 7.4 (Figure 7). In

the first period (120 min), the beads released the drug

in an acidic medium. Then, in the second period, the

same beads were transferred to another medium with

pH 7.4. The initial rate of release and the final cumu-

lative drug released was increased for the three drug

loaded Carralgi beads. The more abstracted network,

Figure 7. Effect of consecutive changes of the medium pH

on the release behaviour of the hydrogel beads of AZ5, AF3,

and AT6. The drug-loaded bead preparation conditions are:

AZ5: drug 1.25%, pH 4.8, 85ºC; AF3: drug 1.25%, pH 4.8,

75ºC; AT6: drug 1.00%, pH 4.8, 75ºC.

AF3 Carralgi showed lower drug release rate and an

amount which in turn resulted in longer retardation

time of drug release from the beads. The gel was dis-

integrated after the release test due to high swelling in

basic media as well as light hydrolysis of the polysac-

charides backbones. 

Finally, no burst effect was observed in the release

profiles which are mostly related to the simultaneous

mechanism of formation and drug incorporation.

CONCLUSION

The disodium phosphate and the acetate derivatives of

betamethasone were efficiently loaded in ionically

cross-linked beads composed of biopolymers such as

carrageenan and sodium alginate under highly practi-

cal and mild conditions. The effects of temperature

and drug content on the loading and release behav-

iours were investigated. Maximum loading efficiency,

91%, was achieved at pH 4.8 and temperature 75ºC.

The morphological and release studies implied the

existence of the known strengthening interactions,

e.g., hydrogen bonding between the hydrogel network

and the drugs. No major difference was found in the

loading and release when a highly soluble derivative

of the drug, i.e., betamethasone disodium phosphate

was used. The drug-loaded beads showed no burst

effect in the release profiles. Due to their ionic char-

acter, the swelling of the hydrogel beads were variable
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with the environmental pH. The main advantages of

the loading/release system may be summarized as: 

- Fully natural system under practical conditions can

be prepared easily. 

- Simultaneous bead formation-drug incorporation 

- Efficient loading of drug. 

- Release without burst effect. 

- pH Sensitivity, as previously reported [14]. 

- According to the reference “Drug Factor”, initial

dose of betamethasone (except the case IV) is 0.5-9

mg/day. 

The drug dose is usually 0.6 mg tablet and 0.6 mg

per 5 mL syrup. The drug loaded in our beads ranged

between 7 and 16 mg per 100 mg bead (7-16 w/w%).

Therefore, the loaded amount of betamethasone is

being in the range. Overall, this system may be con-

sidered as a good candidate for oral controlled 

delivery of drugs and other possible modes of drug

delivery.
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