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1. INTRODUCTION 
 

One of the most important tasks in pharmaceutical technology is to optimize the drug 

release. The hot-melt technology is a method of modifying the bioavailibility. Sekiguchi and 

Obi [1] introduced the melting method comprising melting of the drug within the carrier, 

followed by cooling and pulverization of the product. They used urea as a highly 

water-soluble carrier to enhance the rate of dissolution of sulphathiazole. Since then, many 

other carriers have been applied in melt technology to modify the release of different drugs. 

At first, crystalline materials were used, such as urea and sugars, which form crystalline solid 

dispersions. Later, carriers with an amorphous region were used in melt technology, e.g. 

polyethylene glycols (PEGs) or polyvinyl pyrrolidone (PVP). With these polymers, it is 

possible to form an amorphous solid dispersion, where the drugs are molecularly dispersed in 

the carrier, and the drug release from the product is accelerated. Recently, there has been great 

interest in the surface-active carriers, such as inulin or Gelucire®. With these surfactants, the 

highest degree of bioavailability can be achieved for poorly-soluble drugs [2]. 

For the substances utilized in melt technology, investigation of their thermal behaviour 

is necessary. There are many methods with which to study the thermal properties of materials, 

e.g. standard and modulated differential scanning calorimetry (DSC and MTDSC), 

thermogravimetry (TG) or hot-stage microscopy (HSM). If the thermal behaviour of the 

materials is known, it can help in the prediction of the changes in substances during various 

technological processes. The other important way to characterize the initial materials is 

structural investigation. In the characterization of structure, X-ray powder diffraction (XRPD) 

is the most common procedure.  

Sucrose esters (SEs) are often used in the melt method, but the information available 

about these carriers is not sufficient. The aim of authors who used SEs with active agents was 

to increase or decrease the dissolution of drugs. To be able to predict the drug release, it is 

necessary first to understand the material properties. SEs are promising carriers for the 

hot-melt technology, because of their low melting points and their surfactant properties, so it 

is useful to evaluate their structural and thermal properties. 
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2. AIMS 
 

SEs are often applied in hot-melt technology, but the information available on these 

carriers is not sufficient and further investigations are needed. Hence, the aim of my PhD 

work was to investigate the thermal behaviour and structure of SEs in order to ascertain the 

applicability of these carriers in melt technology.  

 

A. The primary objective was to study the structure and the thermal properties of some 

commercial SEs (P1670, S1670, S970, S370 and B370), to evaluate and analyse the 

time-dependent solid-state changes (crystalline-amorphous phases and polymorphism) 

in these SEs, to study their swelling behaviour and to demonstrate differences between 

the properties of SEs with various hydrophilic-lipophilic balance (HLB) values. 

B. After the characterization of the SEs, the next purpose of my work was to study the 

effects of active agents on the structure and thermal behaviour of SEs. Meloxicam (ME) 

and diclofenac sodium (DS) as model drugs and three SEs with different polarities 

(P1670, S970 and B370) were chosen for these investigations. Drug-SE products were 

prepared by melt technology, and the effects of the SEs and the drug-SE solid-state 

interactions on the drug release were examined. The factors affecting the drug release 

from the SE-containing products were studied. 

C. Finally, conclusions were drawn concerning the applicability of SEs in practical work. 

 

3. LITERATURE 
 

3.1. Compositions of sucrose esters of fatty acids 

 

SEs are non-ionic surface-active agents consisting of sucrose as hydrophilic group and 

fatty acids as lipophilic groups. Sucrose contains 8 hydroxy groups, and it is therefore 

possible to produce sucrose esters containing from 1 to 8 fatty acid moieties (Fig. 1). 
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Fig. 1 Chemical structure of sucrose ester 

 

The most common fatty acids used in SEs are lauric (C12), myristic (C14), palmitic (C16), 

stearic (C18), oleic (C18) and behenic acids (C22). By changing the nature or number of the 

fatty acid groups, a wide range of HLB values can be obtained (Fig. 2). 

 

Fig. 2 Relation between the degree of esterification and the HLB value of SEs [3] 
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3.2. Chemical and physical properties of fatty acid products 

 

For a better understanding of the behaviour of SEs, it is helpful to consider first the 

properties of the well-known fatty acid products. 

There are various natural and artificial products, which consist of fatty acids and long 

have been used in pharmaceutical technology, e.g. the fatty acid esters of glycerol, sorbitan 

fatty acid esters, propylene glycol fatty acid esters or polysorbates. 

 Among the least complex fatty acid products are the esters produced from one 

molecule of glycerol and one, two or three fatty acids. Glycerol is a trihydroxy alcohol that 

can combine with up to three fatty acids to form monoglycerides, diglycerides and 

triglycerides. The hydrocarbon chain can be saturated (e.g. capric, lauric, myristic, palmitic 

and stearic acids) or unsaturated (e.g. oleic, linoleic and palmitoleic acids). There are 

abundant literature data on the chemical and physical properties of the glycerides, and it is 

well known that these materials display very complex behaviour. For example, they have 

different crystal forms (α, β, and β’ polymorphs), which have been extensively reviewed, and 

correspondingly complex melting and crystallization behaviour [4-15]. 

Other products have more complex structures and hence similarly complex properties. 

In the SEs, the fatty acids are attached to sucrose, a disaccharide consisting of two 

monosaccharides, glucose and fructose. The commercial SEs are mixtures of SEs with various 

esterification degrees; due to their complexicity, they exhibit very diverse behaviour, like the 

glycerides. 

As compared with other fatty acid products, SEs have high HLB value range (Fig. 3), 

and thus very diverse properties.  
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Fig. 3 HLB values of some fatty acid products [3] 

 

3.3. Nomenclature of the sucrose esters 

 
A number of manufacturers supply SEs, e.g. Dai-Ichi-Kogyo Seiyaku and Mitsubishi 

in Japan, Croda in the USA, or Sisterna and Goldschmidt in Germany [16, 17].  

The major manufacturer of SEs in Japan is the Mitsubishi-Kagaku Foods Corporation, which 

produces SEs under the name Ryoto Sugar Esters. They sell SEs for food (Ryoto Sugar 

Ester), cosmetic (Surfhope SE Cosme) and pharmaceutical (Surfhope SE Pharma) 

applications. 

The nomenclature of the SEs in different grades varies (Table 1). 

 

Table 1 Nomenclature of SEs 

 Food grade Cosmetic grade Pharma grade 

Leading letter Initial of fatty acid C D 

Last two numbers % of named fatty acid HLB HLB 

First 1/2 numbers HLB Fatty acid chain length* Fatty acid chain length*

* For unsaturated acids, the chain length is reduced by 1 
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SEs with the same composition therefore have different grade names, depending on their 

application (some examples are given in Table 2). 

 

Table 2 Examples of the different grade names of SEs 

Fatty acid Degree of Fatty acid % of named HLB Food  Cosmetic Pharma  
chain length unsaturation fatty acid  grade grade grade 

12 0 Lauric 95 16 L-1695 C-1216 D-1216 

16 0 Palmitic 70 16 P-1670 C-1616 D-1616 

18 0 Stearic 70 3 S-370 C-1803 D-1803 

18 1 Oleic 70 1 O-170 C-1701   

It must be said that in the literature the food grade names of SEs are generally used, for the 

pharmaceutical applications too. This procedure will be followed in this thesis.   

 

3.4. The use of sucrose esters in pharmaceutical dosage forms 

 
SEs are commonly used in food industry as emulsifiers, antibacterial agents or 

crystallization inhibitors [3, 18-23], and recently there is a great interest to use them also in 

the field of pharmacy. They have attracted considerable interest as pharmaceutical excipients 

for a number of reasons. The wide range of HLB values of SEs results in a similarly wide 

range of properties. They can be applied in pharmaceutical technology as O/W or W/O 

emulsifiers, wetting and solubilizing agents, liberation and absorption modifying agents or 

lubricants [24-44]. 

The most common pharmaceutical application of SEs is for the modification of 

bioavailability. Due to the wide range of their HLB values, they can increase or decrease drug 

liberation or absorption. There are some literature data about the applicability of SEs as 

permeation enhancers through the skin or mucosa. For example, L-595 and L-1695 have been 

used in microemulsions to improve the penetration of hydrocortisone through the stratum 

corneum [30]. Ganem-Quintanar et al. [31] studied four SEs (S-1670, O-1570, P-1670 and L-

1695) as absorption enhancers for the oral mucosal permeation of lidocaine hydrochloride. 

They observed an increase in the passage of lidocaine through the mucosa only for L-1695; 
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the other SEs did not display any promoting effect. Ayala-Bravo et al. [32] investigated the 

effect of sucrose oleate (O-1570) and sucrose laurate (L-1695) in water or in Transcutol® on 

the stratum corneum barrier properties in vivo. They examined the impact of these SEs on the 

in vivo percutaneous penetration of the model penetrant 4-hydroxy-benzonitrile. Their results 

showed that the combination of SEs with Transcutol® is able to temporally alter the stratum 

corneum barrier properties, thereby promoting 4-hydroxy-benzonitrile penetration. Okamoto 

et al. [33] examined the effects of SEs on the transdermal permeation of lidocaine and 

ketoprofen. They suggested the combination of J-1205 and propylene glycol as a potent 

vehicle for transdermal formulations. Csóka et al. [34] also examined the applicability of 

different SEs (S-370, S-970, S-1670, O-1570, P-1670, L-1695 and M-1695) as drug-delivery 

agents in transdermal therapeutic systems. They demonstrated that all SEs increased the drug 

(metoprolol tartrate) release, but this effect depended on the HLB value and the C atom 

number of the fatty acid chain in the SE.   

Drug release has also been investigated from physical mixtures, solid dispersions, 

coprecipitates and tablets. For example, Ntawukulilyayo et al. [35] evaluated the dissolution 

rate-enhancement properties of nifedipine-SE-containing coprecipitates. The use of sucrose 

palmitate of high HLB value dramatically improved the dissolution rate, especially when a 

drug:ester ratio of 1:14 was used. Otsuka et al. [36, 37] also examined the 

dissolution-enhancement properties of SEs. They used S-1670 (HLB=16) to improve the rate 

of dissolution of phenytoin and glybuzole. Marton et al. [38] utilized three SEs with an HLB 

value of 16 (S-1670, L-1695 and M-1695) to increase the rate of dissolution of 

spironolactone. They found a linear relationship between the amount of drug dissolved and 

the SE concentration. Csóka et al. [39] applied SEs with different HLB values (S-370, S-970, 

S-1170, S-1670, L-1695, M-1695 and O-1570) to influence the dissolution of ibuprofen. 

Seiler et al. [40] examined the possibility of preparing controlled-release matrix formulations 

of theophylline by using S-1670 with hot-melt extrusion. Although S-1670 is hydrophilic, the 

formulations exhibited controlled drug release. Ntawukulilyayo et al. [41] also used SEs with 

high HLB values (S-1570 and P-1570) as tablet matrix-forming agents, in the cases of 

ibuprofen and theophylline. The latter authors attributed the matrix-forming property to the H-

bond formed between the SE and the cellulose molecule present in the formulated product. 

Ullrich et al. [42] recently investigated the rheological behaviour of aqueous SE 

(S-1170F) dispersions, and concluded that SEs are applicable as alternative new matrices in 
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lipid-based drug-delivery systems.  Abd-Elbary et al. [43] developed controlled release 

proniosome-derived niosomes, using sucrose stearates as non-ionic surfactants for the 

nebulisable delivery of cromolyn sodium. They used S-1170 and S-1670 and found that SEs 

are promising carriers for the preparation of niosomal dispersion. 

There are some products, especially on the German market, in which SEs are utilized 

as controlled-release agents (e.g. Ibu KD retard, Esprenit retard and Cronasma retard) [44]. 

 

3.5. Melt technology 

 

Melt technology has been commonly used since the early 1960s, when Sekiguchi and 

Obi [1] prepared a eutectic mixture with the hot-melt method. With this technology, they 

attained faster release of the poorly water-soluble sulphathiazole and chloramphenicol. Since 

then, much research has been performed in efforts to influence the bioavailability of drugs 

with hot-melt technology, and numerous reviews have appeared in the literature on this 

method [45-62]. Much research work has likewise been performed to characterize the 

physicochemical properties of the applicable carriers [63-80].   

In the melt method, the drug and the excipient are usually melted together and, after 

solidification, a eutectic mixture, solid dispersion, or solid solution is obtained. The carrier 

may be crystalline (with an ordered structure), amorphous (with a disordered structure) or 

semicrystalline (with ordered and disordered regions), and the drug can be present in a fully 

crystalline state, a semicrystalline state, or an amorphous state [81]. When the drug is 

distributed in a crystalline carrier, a crystalline solid dispersion is formed. When the active 

substance is dispersed in an amorphous carrier or in the amorphous region of a semicrystalline  

material, an amorphous solid dispersion is obtained. Depending on their molecular 

distribution, three different types of amorphous solid dispersions can be distinguished: 

1. An amorphous solid solution consists of an amorphous carrier in which the drug is 

molecularly distributed. This type of solid dispersion is homogeneous at a molecular level. 

Only one phase is present. 

2. In an amorphous solid suspension, the drug is dispersed as amorphous clusters in the 

amorphous carrier. This system is not homogeneous at a molecular level and consists of 

two phases.  
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3. One part of the drug is sometimes molecularly dispersed, while the remainder is 

suspended in the amorphous carrier. This is the third type of amorphous solid dispersions 

[82]. 

 

Figure 4 shows the classification of solid dispersions according to Vasconcelos et al [2]: 

 

• The first-generation solid dispersions were prepared by using crystalline carriers, such as 

urea and sugars, which were the first carriers to be employed in solid dispersions. They 

have the disadvantage of forming crystalline solid dispersions, which are more 

thermodynamically stable and do not release the drug as quickly as amorphous ones.  

 

• The second-generation solid dispersions contained amorphous or semi-crystalline carriers 

instead of crystalline ones. In these systems, the drugs are molecularly dispersed in an 

irregular form within the amorphous region of the carriers, which are usually polymers 

such as PVP, PEGs or cellulose derivatives.  

 

• The third-generation solid dispersions contain a surfactant carrier, or a mixture of 

amorphous polymers and surfactants as carriers. The surfactants commonly used in solid 

dispersion systems are inulin, Inutec SP1®, Compritol 888 ATO®, Gelucire 44/14 and 

Poloxamer 407® [2]. Surface-active carriers have an important biopharmaceutical role. 

They can influence the bioavailability by increasing the thermodynamic activity of the 

active substance and by changing the permeability of cellular membranes [83]. The 

third-generation solid dispersions are intended to achieve the highest degree of 

bioavailability for poorly-soluble drugs and to stabilize the solid dispersion, avoiding drug 

recrystallization.  
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Fig. 4 Classification of solid dispersions [2] 

 

Recently, there has been great interest in solid dispersion systems, and it is useful to 

characterize new carriers which can be used in melt technology, especially substances with 

lower melting points such as the SEs. If the active substance decomposes at high temperature, 

only carriers with low melting points can be used in the hot-melt method, and the drug 

(without melting) should be mixed into the melted carrier.  Due to their surfactant properties, 

low melting points and wide range of HLB values, SEs are promising carriers for the 

preparation of solid dispersions by melt technology.  

 

4. MATERIALS AND METHODS 
 

4.1. Materials 

 

SEs (Mitsubishi-Kagaku Foods Corporation, Japan) with high (P1670 and S1670), 

medium (S970) or low HLB values (S370 and B370) were studied in my PhD work. The 

longer the fatty acid chains in the SEs and the higher the degree of esterification, the lower the 

HLB value (Table 3). 



11

Table 3 Data on SEs by Mitsubishi-Kagaku Foods Corporation 

Decomposition Degree ofName of 
SE Fatty acid HLB Mp [°C] temperature [°C] Esterification

P1670 palmitate (C16) 16 48 235 mono-, di- and triester 

S1670 stearate (C18) 16 56 237 mono-, di- and triester 

S970  stearate (C18) 9 56 234 mono-, di-, tri- and tetraester

S370 stearate (C18) 3 58 and 69 238 
mono-, di-, tri-, tetra- and 

pentaester

B370  behenate (C22) 3 63 and 79 241 
mono-, di-, tri-, tetra- and 

pentaester

They have many favourable properties, e.g. they are tasteless, odourless, non-toxic, non-

irritant to the skin, and biodegradable. 

 

As model drugs, two NSAIDs, ME (EGIS Ltd, Hungary) and DS (Sigma Co., 

Hungary) were used. They belong in BCS class II: ME is a poorly water-soluble material, 

while DS is slightly soluble in water, but its solubility increases as the pH rises. The particle 

sizes of the drugs: D(0.9) = 65 µm for ME, and D(0.9) = 6 µm for DS. 

 

a b

Fig. 5 Chemical structures of ME (a) and DS (b) 
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4.2. Sample preparation 

 

For the physical evaluation of SEs, three types of samples were used: 

• Untreated samples (SE): SEs without any special treatment (commercial). 

• Freshly solidified samples (SE(melt)): SEs were melted in a porcelain dish in an oven  

(Factory for Laboratory Equipment, Budapest, Hungary, Labor type 123) from 25 °C to 

100 °C, and then allowed to recrystallize at room temperature. 

• Aged samples: The freshly solidified samples were stored for up to 4 weeks at room 

temperature (20±2 °C) to detect any physical aging effect: 

• SE(A1week): samples stored for 1 week 

• SE(A4weeks): samples stored for 4 weeks 

 

The drug-containing melted products were prepared as follows: The drug-SE physical 

mixtures (1:1) were melted in a porcelain dish in an oven (Factory for Laboratory Equipment, 

Budapest, Hungary, Labor type 123), with heating from 25 °C to 100 °C, and then cooled 

back to room temperature. The notation applied for the melted and solidified samples is 

“drug-SE(melt)” (e.g. ME-P1670(melt)). After the preparations, the samples were in all cases 

pulverized in a mortar and sieved to 200 µm. 

 

4.3. Methods 

 
4.3.1. Hot-stage microscopy  

 

HSM is a powerful tool that is widely used for the visual characterization of all kinds 

of thermal transitions. It is an analytical technique, which combines the best properties of 

microscopy and thermal analysis to enable the characterization of the physical properties of 

materials as a function of temperature [84]. HSM observations of morphological features and 

changes during heating were carried out with a Leica MZ6 microscope (Wetzlar GmbH, 

Germany) equipped with a Leica 350 heating stage and a JVC TK-128OE (Japan) colour 

video camera. The structural changes in the SEs during heating were observed under the 



13

microscope by using a scanning speed of 1 °C min-1. Data were imported into a computer and 

captured images were analysed by using the Leica Q500MC program. 

4.3.2. Thermogravimetry 

 
TG is a method commonly used in the identification of drugs and excipients. It can be 

employed to study any physical (such as evaporation) or chemical process (such as thermal 

degradation) that causes a material to lose volatile gases [85]. In TG studies, 50 mg of SE and 

50 mg of inert Al2O3 were placed into the platinum container of a Derivatograph-C apparatus 

(MOM, Hungary). The instrument was calibrated by using CuSO4
.5H2O. The samples were 

heated from 25 to 100 °C at a heating rate of 5 °C min-1.

4.3.3. Differential scanning calorimetry 

 
DSC is the most highly regarded thermoanalytical method and is an essential tool for 

materials research and development [85-87]. DSC studies were performed with a DSC 821e

(Mettler-Toledo GmbH, Switzerland). The instrument was calibrated by using indium. 

Samples of 10 mg were heated in a sealed aluminium pan. Measurements were made in an Ar 

atmosphere at a flow rate of 100 ml min-1. The samples were heated from 25 to 100 °C at a 

heating rate of 1 °C min-1. For analysis of the recrystallization process, samples were heated 

up to 100 °C as described above, then cooled down to 25 °C at a rate of 2 °C min-1, and 

reheated to 100 °C at a heating rate of 1 °C min-1.

The crystallinity indices for the freshly solidified sample (CISE(melt)) and the aged sample 

(CISE(aged)) were calculated from the heats of fusion: 

 

100(%) )(
)( ×

∆

∆
=

SE

meltSE
meltSE H

H
CI  (1) 

 

( ) 100% )(
)( ×

∆

∆
=

SE

agedSE
agedSE H

H
CI  (2) 
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where 

=∆ )(meltSEH the normalized enthalpy (J g-1) of the freshly solidified sample, 

=∆ SEH the normalized enthalpy (J g-1) of the untreated sample, and 

=∆ )( agedSEH the normalized enthalpy (J g-1) of the aged sample. 

Drugs may influence the structure and thermal behaviour of carriers [88]; hence, it is 

important to study the characteristics of the drug-carrier systems. For analysis of the drug-

containing SEs, samples of 10 mg were heated from 25 oC to 300 °C at a heating rate of 10 °C 

min-1.

4.3.4. Modulated-temperature differential scanning calorimetry 

 

MTDSC is nowadays a widely recognized technique; as compared with standard 

DSC, it offers particular advantages, including the enhancement of both sensitivity and 

resolution in the same experiment, the analysis of complex overlapping transitions, and the 

detection of weak glass transitions [89, 90]. MTDSC studies were performed with a DSC 

821e instrument (Mettler-Toledo GmbH, Switzerland). The measurement conditions were as 

follows: start temperature: 25 °C, heating rate: 1 °C min-1, amplitude: 1 °C, period: 60 s, and 

end temperature: 75 °C. 

 

4.3.5. X-ray powder diffraction  

 

The method most commonly used to complement thermal analysis is XRPD. It is one 

of the most powerful methods for the study of crystalline and partially crystalline solid-state 

materials [91-95]. XRPD profiles were taken with a Philips X-ray diffractometer (PW 1930 

generator, PW 1820 goniometer). The measurement conditions were as follows: Cu Kα

radiation (λ = 0.15418 nm), 40 kV, 35 mA. The basal spacing (dL) was calculated from the 

diffraction peaks by using the Bragg equation. 
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Bragg's Law is:  θλ sin2dn = (3) 

 
where the integer n is the order of the diffracted beam, λ is the wavelength of the incident X-

ray beam, d is the distance between adjacent planes of atoms (the d-spacing), and θ is the 

angle of incidence of the X-ray beam. Since we know λ and we can measure θ, we can 

calculate the d-spacings [95]. 

 

Fig. 6 Reflection of X-ray beams from the crystal plane  

 

Through measurement of the d-spacings, the building-in or intercalation of a drug can be 

determined. In a drug-carrier system, the intercalation of the drug results in an expansion of 

the basal spacing of the carrier (Fig. 7). If the bonding between the drug and the auxiliary 

material is strong, the drug release can be slowed down [96-100]. Thus, it is useful to 

determine the change in the d-spacing of the carrier after treatment.  
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Fig. 7 Intercalation of drug molecule between the carrier lamellas 

 

4.3.6. Rheological analysis 

 

If a carrier exhibits swelling behaviour, this property is of great importance in the 

drug-release process. Hence, rheological measurement of a swollen carrier before and after 

inclusion of the drug is a useful characterization method [101]. For rheological analysis, a 

PaarPhysica MCR101 type rheometer (Anton Paar GmbH, Graz, Austria) was used (in 

controlled rate mode), equipped with a cone-and-plate measuring system (cone diameter, 50 

mm; cone angle, 1o; truncation, 49 µm). During the measurements, the temperature of the 

samples was modulated from 25 oC to 40 oC at a heating rate of 1 oC min-1, while the resulting 

viscosity changes were recorded. 

 

4.3.7. Contact angle measurements 

 

All materials act, react and interact at surfaces; hence surface characterization can be 

vital for an understanding of the behaviour of any type of material. Surface characterization of 

powders can be undertaken by a variety of techniques, of which contact angle determination is 
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the most commonly used. Contact angle data may be used to estimate the surface energy of 

the powder. If surface energies are known for both drug and excipient, then interactions can 

be predicted [102, 103]. The contact angle (θ) of the solids was determined by means of the 

sessile drop technique, using the OCA 20 Optical Contact Angle Measuring System 

(Dataphysics, Filderstadt, Germany), and the method of Wu, in which two liquids with known 

polar (γlp) and dispersion (γld) components are used for measurement [104]. The solid surface 

free energy is the sum of the polar (γp) and non-polar (γd) components, and is calculated 

according to Eq. (4): 
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where Θ is the contact angle, γs is the solid surface free energy and γl is the liquid surface 

tension. The percentage polarity can be calculated from the γp and γ values: (γp /γ )*100 [105]. 

The liquids used for our contact angle measurements were bidistilled water (γp = 50.2 mN m-1,

γd = 22.6 mN m-1) and diidomethane (γp = 1.8 mN m-1, γd = 49 mN m-1).  

 

4.3.8. In vitro drug release study 

 

Melt technology is commonly used to enhance the dissolution of poorly water-soluble 

drugs, or to control drug release. Hence, in vitro drug-release studies are often used to 

examine solid dispersions [106]. For the dissolution tests, ME-SE(melt) or DS-SE(melt) was 

filled into hard gelatine capsules. The capsules contained 15 mg of ME and 15 mg of SE, or 

50 mg of DS and 50 mg of SE. The release of the model drugs was studied by using 

Pharmatest equipment (Hainburg, Germany), at a paddle speed of 100 rpm. 900 ml artificial 

enteric juice (pH = 7.5±0.05) at 37 °C (±0.5 °C) was used. The drug contents of the samples 

were measured spectrophotometrically (λME = 362 nm; λDS = 276 nm) (Unicam UV/Vis 

spectrophotometer). 
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5. RESULTS 
 

5.1. Characterization of the sucrose esters 

 

The objective of the experiments presented in this chapter was to investigate the 

structural and thermal properties of SEs and to demonstrate the differences between SEs with 

various HLB values. Time-dependent solid-state changes (crystalline-amorphous phases and 

polymorphism) were also observed. A further aim was the characterization of the swelling 

behaviour of the SEs. 

5.1.1. Thermoanalytical investigations 
 

In measurements with the derivatograph, the TG results showed that the mass loss of 

the examined SEs heated to 100 °C was less than 1%, i.e. they did not include water adsorbed 

on their surface or any volatile component.  

 To determine the melting points, DSC studies were performed. The DSC scans (Fig. 8, 

curves 1, first heating) revealed that the melting points and melting ranges of P1670 and 

S1670 and their enthalpies were very similar, while the melting of SEs with lower HLB 

values (S970, S370 and B370) was prolonged, with more peaks (Table 4). The probable cause 

of this was that the studied SEs with high HLB values included only mono-, di- and triesters, 

while the SEs with lower HLB values additionally contained tetra- and pentaesters (Table 3). 

 

Table 4 Thermal parameters of SEs during first heating 

SE Melting range [°C] Mp [°C] Total enthalpy [J g-1]

P1670  41-62 51 -66.6 

S1670  45-62 54 -66.7 

S970  36-65 50 and 54  -75.7 

S370  45-66 54 and 64 -55.7 

B370  51-79 66 and 77 -68.4 
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Fig. 8 DSC scans of different SEs (curve 1: first heating; curve 2: second heating) 
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The effects of a second heating were also studied. The melted SE in the DSC pan 

(after the first heating) was cooled to 25 °C at a rate of 2 °C min-1, and then heated again at a 

heating rate of 1 °C min-1 to 100 °C (second heating). The results are illustrated in Fig. 8 by 

curves 2, and summarized in Table 5. 

 

Table 5 Thermal parameters of SEs during second heating 

SE Melting range [°C] Mp [°C] Total enthalpy [J g-1]

P1670  — — — 

S1670  — — — 

S970  — — — 

S370  54-66 64 -31 

B370  52-79 64 and 76 -63.9 

The DSC curve of second heating demonstrated that there were no more endothermic 

changes for P1670, and for S1670 and S970 the changes were negligibly small. Accordingly, 

the crystal structures of SEs with high (P1670 and S1670) or moderate (S970) HLB values, 

which can be characterized by melting points (Fig. 8, curves 1), broke down during the first 

heating and could not recrystallize during cooling. Thus, curves 2 in Fig. 8 (second heating) 

exhibit the characteristics of amorphous materials. S370 has two endothermic peaks, but 

during the second heating one peak disappeared and the melting range decreased. B370 

seemed to be the most stable material: the melting ranges in the first and second heatings were 

the same and the shapes of the curves did not change; only the total enthalpy decreased 

slightly (<5 J g-1). Consequently, there were probably changes in the structures of the SEs 

with high HLB values during heating. The structures of the SEs broke down and were built up 

again during the heating and cooling processes. SEs with low HLB values (S370 and B370) 

displayed faster recrystallization, but the rearrangement of the structures of SEs with high 

(P1670 and S1670) or moderate (S970) HLB values was very long. Accordingly, this led to 

an amorphous state. Amorphous materials can be characterized by the glass transition 

temperature (Tg) instead of the melting point (Mp). The determination of Tg by the 

conventional DSC method is difficult, because Tg is often concealed by or overlaps with other  
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thermal events taking place in parallel. The results of our MTDSC measurements revealed 

that SEs with high (P1670 and S1670) or moderate (S970) HLB values undergo glass 

transitions, which coincide with the melting points of the materials (Table 6) [I, II and V-

VII]. 

 

Table 6 Melting points and glass transitions during first and second heatings 

 First heating Second heating 

Mp [°C] Tg [°C] Mp [°C] Tg [°C] 

P1670 51 — — 50 

S1670 54 — — 51 

S970 50 and 54 — — 53 

S370 54 and 64 — 64 — 

B370 66 and 77 — 64 and 76 — 

To visualize the changes in the samples during heating, HSM was used. The 

photographs in Fig. 9 show the morphology of SEs with high (S1670) or low (S370) HLB 

values before heating (at 25 °C) and after their melting (S1670: 65 °C, and S370: 70 °C).  

While SEs with high HLB values (e.g. S1670) merely became soft, but did not flow, 

lipophilic SEs (e.g. S370) melted. SEs with high or medium HLB values did not melt during 

the first heating; their melting points detected in the DSC curves were truly their glass 

transitions (Table 6). During the preparation of the melts, the SEs with high (P1670 and 

S1670) or moderate (S970) HLB values did not become fluid even at 100 °C, in contrast with 

the lipophilic (S370 and B370) SEs, as expected from the HSM study (Fig. 9c,f). If we wish 

to prepare a solid dispersion of a drug with a high melting point, this can be a problem if SEs 

with high HLB values are used, as their melts do not flow. 
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Fig. 9 HSM pictures of S1670 at 25 °C (a), 65 °C (b) and 100 °C (c), and of S370 at 25 °C 

(d), 70 °C (e) and 100 °C (f) 

 

With respect to the processing, it is important to know whether the changes in 

structure of these materials are irreversible, or whether the original morphology of the 

samples is recovered in time. To study this, melts of SEs were prepared and their changes in 
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time were examined in comparison with the initial state. The melting ranges of melted and 

solidified (melt) and aged (A1week and A4weeks) samples were measured, their normalized 

enthalpies were compared with the enthalpy of the untreated SE, and the CIs were calculated. 

The melting behaviour of samples after melting and solidification differed from that of 

untreated samples, and it changed in time (Figs 10-14, Table 7). P1670(melt) started to melt 

2 °C earlier than the untreated P1670 and its melting also finished earlier. In the DSC curve of 

solidified P1670, a small peak appeared after 1 week (P1670(A1week)), which was not 

characteristic of the untreated P1670 (Fig. 10). After 4 weeks (P1670(A4weeks)), the sizes of 

the two peaks had changed: the melting point had drawn nearer to that for the untreated 

sample, but was lower; on the other hand, the enthalpy determined by the melting range was 

the same as that for the untreated P1670.  

 

Fig. 10 DSC curves of untreated, melted and solidified, and aged P1670  

 

The melting points of S1670(melt), S1670(A1week) and S1670(A4weeks) were 

decreased by 2 °C as compared with that of the untreated S1670, but the shape of the curve 

did not change considerably: it was characterized by one sharp peak (Fig. 11).  

 



24

Fig. 11 DSC curves of untreated, melted and solidified, and aged S1670 

 

S970 crystallized very slowly after melting and solidification; in contrast with the 

other SEs, its CI was not 100% restored after 4 weeks (Table 7, Fig. 12).  

 

Fig. 12 DSC curves of untreated, melted and solidified, and aged S970 

 

S370(melt) exhibited only one endothermic peak after solidification, but after 1 week 

(S370((A1week)) the other peak characteristic of the untreated sample appeared. The melting 

started 7 °C earlier, and thus the melting range was increased as compared with that for the 

untreated S370 (Fig. 13, Table 7).  
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Fig. 13 DSC curves of untreated, melted and solidified, and aged S370 

 

For B370, one of the two peaks likewise disappeared after melting and solidification 

(B370(melt)), and did not appear even after 1 week (B370((A1week)) or 4 weeks 

(B370(A4weeks)) (Fig. 14). However, the normalized enthalpy nearly reached the enthalpy of 

the untreated B370 (Table 7).  

 

Fig. 14 DSC curves of untreated, melted and solidified, and aged B370 
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It is probable that, similarly to other fatty acid derivatives, SEs transform from one 

polymorph to another during storage. After storage for 4 weeks (A4weeks), the heats of 

fusion of aged samples drew near to the enthalpy of the untreated sample, which means that 

the structures of all the SEs were apparently restored in time. This is in accordance with the 

finding of Laine et al. [107] that solidified triglycerides have partially amorphous layered 

structures which gradually crystallize during storage. DSC measurements indicated that, even 

if the total enthalpies of aged samples reached the enthalpy of the untreated sample, the shape 

of the DSC curves was different from that of the curve of the initial material, i.e. the original 

structure was not recovered.  

 

Table 7 Effects of treatment and storage of SEs 

Sample name Melting range [°C] Total enthalpy [J g-1] CI [%] 

P1670(melt) 39-56 -37 55.6 

P1670(A1week) 37-52 -42.3 63.5 

P1670(A4weeks) 35-61 -66.6 100 

P1670 41-62 -66.6 100 

S1670(melt) 39-60 -35.7 53.5 

S1670(A1week) 38-61 -49.6 74.4 

S1670(A4weeks) 38-62 -64.3 96.4 

S1670 45-62 -66.7 100 

S970(melt) 33-68 -30 39.6 

S970(A1week) 35-68 -52.9 69.9 

S970(A4weeks) 34-68 -63.8 84.3 

S970 36-65 -75.7 100 

S370(melt) 59-67 -35.2 63.2 

S370(A1week) 38-69 -50.3 90.3 

S370(A4weeks) 39-69 -55.7 100 

S370 45-66 -55.7 100 

B370(melt) 55-78 -57.5 84.1 

B370(A1week) 56-79 -63.6 93 

B370(A4weeks) 55-78 -66.4 97.1 

B370 51-79 -68.4 100 
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Hence, even if the molecular dispersion of a drug in SEs is successful, it is not sure that this 

advantageous state can be maintained, because the structure of the SE is continuously 

changing [I, II and VII]. 

 

5.1.2. Structural characterization 

 

To confirm the DSC results, X-ray analysis was performed on untreated SEs, melted 

and solidified SEs and aged samples. The measurements were carried out until 40º 2θ, from 

which it was determined that between 10 and 40º 2θ the SEs display only one peak, at the 

same position (2θ = 21.04° (P1670); 21.24° (S1670); 21.28° (S970); 21.08° (S370); and 21.3° 

(B370)). According to the measured basal spacing (0.42 nm), an alpha form with a hexagonal 

structure was characteristic for all SEs. There are also some peaks at small angles in different 

positions and with various basal spacings, as indicated in Fig. 15. 

The DSC curves of P1670 and S1670 were similar (Fig. 8, curves 1), and the same can 

be said about their X-ray diffraction patterns. Both SEs have ordered structures: at small 

angles, they demonstrate four distinct peaks (P1670: 2θ = 2.2°, 4.5°, 6.8° and 9.2°; S1670: 

2θ = 2.2°, 4.4°, 6.6° and 8.9°) and nearly the same basal spacing, characteristic of stearic acid 

(Fig. 15). S970 has a more complex structure: it contains more di- and triester, and also a little 

tetraester. Moreover, S370 and B370 include the pentaester too (Table 3). In consequence of 

the presence of these components, the characteristic diffraction peaks disappeared from the X-

ray diffractograms and the interlayer spacings increased. The untreated S970 had three 

(2θ = 1.6°, 2° and 4.4°), S370 had two (2θ = 1.5° and 4.5°), and B370 had three (2θ = 1.3°,

1.9° and 3.9°) characteristic peaks at small angles (Fig. 15). 
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Fig. 15 X-ray diffractograms of SEs 
 

After melting and solidification, the structures of all the SEs were changed, the basal 

spacings and counts were modified and in almost all cases one of the characteristic peaks had 
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disappeared, which was probably induced by the polymorphism of the fatty acids (Figs 

16-20).  

In the diffractograms of melted P1670 and S1670, only three peaks were observed, 

whereas four peaks were found for the untreated sample. The P1670 peak at 9.2° 2θ (Fig. 16), 

and the S1670 peak at 8.9° 2θ disappeared (Fig. 17). The peak intensities decreased 

(practically only the first signal could be seen) and the basal spacings increased.  

 

Fig. 16 X-ray patterns of untreated, melted and solidified, and aged P1670 

 

Fig. 17 X-ray patterns of untreated, melted and solidified, and aged S1670 
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Of the three peaks of untreated S970, after melting and solidification the second signal 

(2θ = 2°) had disappeared and was not recovered even 4 weeks later (Fig. 18).  

 

Fig. 18 X-ray patterns of untreated, melted and solidified, and aged S970 

 

The X-ray pattern of S370 did not exhibit such a large change in counts as for SEs 

with high HLB values, but the basal spacings were modified in this case too (Fig. 19). 

.

Fig. 19 X-ray patterns of untreated, melted and solidified, and aged S370 
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The change in degree of crystallinity for B370 was smaller, and the count fluctuation 

was slight, but the second signal (2θ = 1.9°) disappeared and the morphology of the untreated 

sample was not restored (Fig. 20). 

 

Fig. 20 X-ray patterns of untreated, melted and solidified, and aged B370 

 

These X-ray observations are in accordance with the DSC results, since the shapes of 

the DSC curves changed continuously, the melting range varied after treatment and the 

original shape of the curve (characteristic of the untreated sample) was not regained even after 

storage for one month [I, II and V]. 

 

5.1.3. Swelling characterization  

 

According to the recently published literature data [42], SEs have gelling behaviour 

which can influence the drug release. Hence, the examined SEs were dispersed in water (5%) 

and the viscosity of the suspension was measured as a function of temperature (Fig. 21). 

These rheological measurements revealed that the different SEs have various swelling 

properties.  
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Fig. 21 Viscosities of the hydrophilic SEs in water 

 

It was found that the stearate (C18)-containing S1670 and S970 displayed high 

viscosity at room temperature, which did not change appreciably on increase of the 

temperature (Fig. 21). P1670 (where the main fatty acid is palmitate (C16)) has a lower 

viscosity at 25 °C, which increased considerably on increase of the temperature. Presumably 

the longer fatty acid chains in the SEs result in the higher viscosity. Lipophilic S370 and 

B370 have poor wetting properties in water, and their viscosity did not increase with increase 

of the temperature. If the SE particles are situated close to the drug particles (e.g. in hard 

gelatine capsule or tablet dosage forms), the drug release can be sustained due to the gel-

forming behaviour of the hydrophilic SEs. In these cases, therefore, it is important to consider 

not only the polarity and wetting effect of the SEs, but also their swelling behaviour, because 

this can influence the drug release to a great extent. 

 

5.1.4. Conclusion 

 

The DSC and HSM results revealed that SEs with high (P1670 and S1670) or 

moderate (S970) HLB values exhibit a glass transition temperature instead of a melting point. 

They soften during heating, whereas SEs with low HLB values (S370 and B370) melt and 

then quickly recrystallize from their melts. However, the original structure does not return 
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either for SEs with high or moderate, or for SEs with low HLB values: after melting and 

solidification, their melts continuously change, probably because polymorphs are undergoing 

transformation. The DSC scans and X-ray patterns of samples stored for up to 4 weeks do not 

display the same picture as that for the untreated samples. These results demonstrate that 

changes in morphology must be considered during research and development. This is 

especially important as concerns molecularly dispersed materials (amorphous state) in SEs. In 

consequence of the changes in structure, a drug can partially or completely assume a 

crystalline form, which can entail a lower dissolution rate or the appearance of an undesirable 

polymorph form [I, II and VII]. 

The drug release can be influenced not only by the thermal and structural behaviour of 

the SEs, but also by the swelling properties of the materials. According to our rheological 

measurements, it can be predicted that prompt drug release may not be achieved even with the 

hydrophilic SEs because of their swelling at body temperature. 

 

5.2. Investigation of drug-SE solid dispersions prepared by melt technology 

 

The aim of the present work was to examine the effects of active agents on the thermal 

behaviour and the effects of structural changes in the SEs and the drug-SE solid-state 

interactions on drug release. SE samples (P1670, S970 and B370) were chosen on the basis of 

the HLB classification system because the ratio of the hydrophilic and lipophilic groups 

influences their processibility by hot-melt technology as well as the bioavailability of the drug 

material. Both model active agents (ME and DS) are BCS class II drugs, but they have 

appreciably different polarities and solubilities. 

 

5.2.1. Thermoanalytical investigation 

 

The DSC results on the SE melts revealed that the drug brought about considerable 

structural changes in the SEs, to different extents for the three SEs (Table 8). 
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Table 8 DSC data on SEs, SE melts and drug-SE melted products 

 Melting range [°C] Total enthalpy [J g-1]

onset-endset   

P1670 41-62 -52.2 

P1670(melt) 36-53 -42.5 

ME-P1670(melt) 36-55 -19.4 

DS-P1670(melt) 36-48  -5.7 

S970 46-67 -58.7 

S970(melt) 43-65 -31.2 

ME-S970(melt) 43-65 -15.1 

DS-S970(melt) 36-58 -17.9 

B370 50-88 -89.6 

B370(melt) 53-90 -65.9 

ME-B370(melt) 54-91 -28.4 

DS-B370(melt) 40-86 -44.1 

For ME-P1670(melt), the melting range was not changed significantly as compared 

with P1670(melt), while the enthalpy decreased to half. An even greater change occurred for 

DS-P1670(melt): here the melting finished 5 °C sooner than for P1670(melt), and the 

enthalpy decreased considerably. 

The change in ME-S970(melt) in comparison with S970(melt) was similar to that for 

P1670: the melting range did not change, but the enthalpy was reduced to half. The melting of 

DS-S970(melt) started and finished 7 °C sooner than that of S970(melt), but the enthalpy 

decreased only to half, as in the case of ME-S970(melt).  

The melting range of ME-B370(melt) was not changed relative to that of B370(melt), 

though the enthalpy was decreased, while the melting of DS-B370(melt) started more than 10 

°C earlier than that of B370(melt) (Table 8) [III, IV and VIII-X]. 

 

The behaviour of each SE in the presence of these drugs was examined in a wider 

temperature interval too. The melting point of ME is 263 °C, and that of DS is 291 °C, and the 

measurements were therefore performed in the range 25-300 °C. However, the SEs can 
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undergo pyrolysis above 200 °C [108], so the curves were not plotted above this temperature 

(Figs 22-24). For the drug-containing products, the melting points of ME and DS could not be 

seen after the pyrolysis of the SEs; this melting probably took place simultaneously with the 

pyrolysis of the SE, and part of the drug could have dissolved in the melted SE. For the 

DS-P1670 product, a new endothermic peak appeared at 170.5 °C (Fig. 22). The DS, which 

did not dissolve in the SE, must have melted before the pyrolysis of P1670. 

 

Fig. 22 DSC curves of P1670(melt) and drug-P1670 melted products 

 

Fig. 23 DSC curves of S970(melt) and drug-S970 melted products 
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Fig. 24 DSC curves of B370(melt) and drug-B370 melted products 

 

5.2.2. Structural characterization 

 

The X-ray diffractograms demonstrated that the peaks characteristic of SEs and of the 

drug appeared for each drug-SE product; only the numbers of counts decreased, new peaks 

not appearing anywhere.  Only 2 or 3 peaks can be seen in the X-ray pictures of the SEs, the 

majority of them at small angles where the drugs give no sign. The building-in or intercalation 

of the drug can be inferred from the changes in the basal spacing of the SEs. If the basal 

spacing increases, it can be presumed that the drug has been built into the crystalline phase of 

the carrier. By virtue of the size of their molecules, both ME [109] and DS [110] would fit in 

among the lamellas of the SE, and thus it could reasonably be expected that the drug 

molecules with polarities similar to that of the SE would be built into the crystalline phase of 

the SEs, thereby increasing their basal spacing. 

The positions of the peaks of the SEs at small angles and their intensities are listed in 

Table 9, and plotted in Figs 25-27, where the basal spacings are also indicated. 
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Table 9 X-ray data on SEs, SE melts and drug-SE melted products 

 2θ Counts 

P1670 2.2 10692 

P1670(melt) 2.2 9101 

ME-P1670(melt) 2.2 2852 

DS-P1670(melt) 2.2 2190 

S970 1.6 and 2.1 4597 and 3648  

S970(melt) 1.6 6939 

ME-S970(melt) 1.6 1739 

DS-S970(melt) 2.2 1640 

B370 1.3 and 1.9 5184 and 2841 

B370(melt) 1.4 6352 

ME-B370(melt) 1.3 1303 

DS-B370(melt) 2 955 

For P1670, neither the position of the characteristic peak of SE nor the basal spacing 

changed considerably; only the degree of crystallinity decreased to a third as compared with 

P1670(melt), both for ME-P1670(melt) and for DS-P1670(melt) (Fig. 25). 

 

Fig. 25 X-ray diffractograms of drugs, P1670 and drug-P1670 melted products 
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For ME-S970(melt), the degree of crystallinity decreased to a quarter relative to 

S970(melt), just as in the case of the DS-S970(melt). It is clear from Fig. 26 that only one 

characteristic peak of the SEs appeared for the products, at different positions for the two 

drugs. 

 

Fig. 26 X-ray diffractograms of drugs, S970 and drug-S970 melted products 

 

The greatest decrease in crystallinity was that for drug-B370(melt) as compared with 

B370(melt); the drugs are best distributed in this SE. The characteristic peak of B370 

appeared in different positions, as a result of the effects of the two drugs (Fig. 27).  

 

Fig. 27 X-ray diffractograms of drugs, B370 and drug-B370 melted products 
 



39

The basal spacings of the SEs did not change considerably in any of the cases, which 

leads to the conclusion that neither drug was built into the crystalline phase of the SEs [III 

and VIII-X]. 

 

5.2.3. Contact angle measurements 

 

The drug release may be influenced by many factors (e.g. the swelling of the carriers, 

the polarities and the wetting properties of the materials). The results of contact angle 

measurements, which provide information about the surface free energies and polarities of the 

drugs and the SEs, are presented in Table 10.  

 

Table 10 Contact angles, surface free energies and polarities of the materials 

Materials θwater [˚] θdiiodomethane [˚] γd [mN m-1] γp [mN m-1] γ [mN m-1] Polarity [%]

P1670 18.49 ± 0.85 58.76 ± 0.72 27.37 42.73 70.10 60.96 

S970 46.79 ± 1.76 62.99 ± 1.10 25.50 29.75 55.25 53.85 

B370 89.81 ± 1.03 54.77 ± 1.01 30.09 5.99 36.08 16.60 

ME 61.56 ± 1.71 15.44 ± 0.83 44.53 15.56 60.08 25.90 

DS 16.8 ± 1.5 19.53 ± 1.78 43.19 35.48 78.67 45.10 

ME-P1670 22.4 ± 1.34 45.4 ± 1.99 33.51 37.70 71.21 52.94 

ME-S970 45 ± 1.71 57.3 ± 1.59 28.12 29.40 57.51 51.12 

ME-B370 85.32 ± 1.9 54.82 ± 1.79 29.85 7.9 37.75 20.93 

DS-P1670 24.4 ± 1.68 43 ± 1.38 34.58 36.42 71.00 51.29 

DS-S970 20.28 ± 2.51 50.09 ± 1.95 31.37 39.59 70.97 55.78 

DS-B370 65.58 ± 1.99 50.55 ± 1.39 31.42 16.79 48.2 34.83 

The contact angles of the two drugs in water were very different (θwater(ME) = 61.56; 

θwater(DS) = 16.8), and the SEs influenced the wetting behaviour of the drugs according to 

their HLB values or polarity. From these results, it is predictable how SEs can change the 

dissolution of these two drugs. 
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5.2.4. In vitro drug release 

 

ME is a poorly water-soluble drug; it is absorbed mostly from the intestine. Its release 

was increased by the presence of a SE with a high HLB value (P1670), when 70% of the ME 

was dissolved in 2 hours as compared with only 30% from pure ME. The SE with a medium 

HLB value (S970) slightly increased the release of ME, but the quantity dissolved in 2 hours 

hardly exceeded 50%. Although the drug release did change as a function of the HLB value, 

100% dissolution could not be achieved even with P1670, which has an HLB of 16. In the 

cases of the hydrophilic SE-containing products (ME-P1670(melt) and ME-S970(melt)), a 

gel-like residue could be seen in the capsule holder at the end of the examinations. For 

ME-B370(melt), the drug release was greatly slowed down: only 15% of the ME was 

dissolved in 2 hours, instead of 30% (Fig. 28). 

 

Fig. 28 Dissolution of ME and ME-SE melted products 

 

DS dissolved well at pH 7.5, 100% of the pure drug passing into solution in artificial 

intestinal juice in a few minutes.  P1670 did not bring about appreciable changes; the 

dissolution was similar to that of DS without a carrier. The release of DS was delayed by 

S970, but the drug was completely dissolved in 1 hour. The dissolution of DS was greatly 
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decreased by the lipophilic B370: the quantity of drug dissolved in 2 hours was < 50% (Fig. 

29). 

 

Fig. 29 Dissolution of DS and DS-SE melted products 

 

The dissolution studies indicated that the dissolution of the different drugs was 

influenced differently by the SEs. The hydrophilic P1670 increased the dissolution of ME 

considerably, but 100% drug release could not be achieved. Our rheological measurements 

showed that P1670 gelled at 37 ºC (Fig. 21), which explains why 100% release could not be 

attained in the case of ME despite the high HLB value. S970, with a medium HLB value, 

slightly increased the dissolution of ME due to its polarity and wetting effect, but because of 

its gel-forming property, the drug release was sustained. The lipophilic B370 has a low 

viscosity in aqueous medium; in this case, only the HLB value plays a role, and it decreases 

the dissolution of ME.  

DS was dissolved in the intestinal juice within a few minutes, and the effect of the 

hydrophilic P1670 was not manifested here. In spite of the gel-forming property of P1670, the 

dissolution of DS could not be delayed with this SE. S970 has a medium HLB value and is 

dispersed less in water, and it slows down the dissolution of DS. B370 has the lowest HLB 

value among the SEs examined; it decreases the dissolution of DS because of its polarity [III 

and VIII-X].
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5.2.5. Study the effects of the drugs on the swelling of SE 

 

It emerged from the in vitro dissolution studies that, in the case of ME-P1670(melt)), 

the swelling of the SE played a role and the ME release was sustained because of the gel-

forming properties of the P1670. On the other hand, P1670 did not have any significant effect 

on the dissolution of DS in artificial enteric juice. The DS release could not be delayed with 

P1670: there is presumably an interaction between the drug and the SE; DS possibly has a 

salting-out effect on the gel structure of this SE. 

In order to study the effects of the drugs on the gelling of P1670, rheological 

measurements were made. The viscosity of P1670 was measured in artificial enteric juice (at 

pH = 7.5), alone and in the presence of the drugs.  

It can be clearly seen that the viscosity of P1670 is constant between 25 and 35 °C, but 

it increases appreciably above 35 °C. In the presence of ME, the swelling process of P1670 is 

similar to that without this drug (Fig. 30). In this case, the drug has no an effect on the gelling 

of P1670. 

 

Fig. 30 Viscosity of P1670 and ME-P1670 in enteric juice 
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On the other hand, in the presence of DS, the viscosity of P1670 is lower (about 10 

mPa s) at 25 °C than that of P1670 without DS, and it did not change appreciably on increase 

of the temperature (Fig. 31). In this case, the drug has a great effect on the gel structure of 

P1670, and this interaction can be influenced to a large extent by the dissolution of DS.  

 

Fig. 31 Viscosity of P1670 and DS-P1670 in enteric juice 

 

For a better understanding of the interaction between DS and P1670, the swelling 

process of this SE was observed by means of HSM, too. The photos in Fig. 32 show P1670 

particles in enteric juice during heating (at 25 °C, 33 °C, 37 °C and 40 °C). The P1670 

particles are swollen at room temperature and the gelling process persists and is more 

expressed at body temperature. 
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Fig. 32 Effects of heating on P1670 in enteric juice. 

HSM pictures at 25 °C (a), 33 °C (b), 37 °C (c) and 40 °C (d) 

 

In contrast, in the presence of DS, P1670 starts to swell at lower temperature, but its 

structure is destroyed because of the salting-out effect of DS (Fig. 33a,b). It can be seen that, 

in this case, P1670 is dissolved in the enteric juice at body temperature (Fig. 33c). This 

explains why the viscosity of P1670 in enteric juice is constant in the presence of DS (Fig. 31) 

and why P1670 has no effect on the dissolution of DS (Fig. 29). 

 

Fig. 33 Effects of heating on P1670 in enteric juice, in the presence of DS. 

HSM pictures at 25 °C (a), 33 °C (b), 37 °C (c) and 40 °C (d) 
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5.2.6. Conclusion 

 

The DSC and X-ray examinations indicated that the structures of the SEs were 

rearranged after melting, to the accompaniment of a decrease in the degree of crystallinity. 

The change was greater when a drug was present, especially in the case of lipophilic B370, 

where the degree of crystallinity of the SE was reduced to a fifth by the drug. Comparison of 

the changes caused by the two drugs demonstrated that, in accord with the results of the DSC 

examinations, the X-ray signal of SE appeared at the same position for ME-SE(melt) as for 

SE(melt), while in the case of DS-SE(melt) the characteristic peak typical of the SEs appeared 

at a different position. Thus, DS brings about a greater structural rearrangement in the SE than 

ME does. The basal spacings of the SEs did not change considerably in any of the cases, 

which leads to the conclusion that neither drug was built into the crystalline phase of the SEs. 

The present results allow the conclusion that, when SEs are used in melt technology, 

not only the HLB value, but also their gel-forming properties and the features of the drugs 

have to be considered. With respect to HLB, P1670 can serve as suitable carrier to enhance 

the rate of dissolution of drugs with poor water-solubility, while the lipophilic B370 can be 

used for retardation. S970, with a medium HLB value, can promote the dissolution of drugs 

with poor wettability (such as ME), but it can slow down the release of a soluble drug (such 

as DS). On account of their gel-forming properties, P1670 and S970 can be suitable for 

delaying the release of certain drugs. However, during formulation it is also important to 

consider the properties of the drug, because these can influence the structure of the SE or the 

gel structure formed [III and VIII-X]. 
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6. SUMMARY 
 

The objective of this thesis was to characterize and investigate the applicability of SEs 

as possible carriers in melt technology. 

 
A . Characterization of the SEs 

 

The structure and thermal behaviour of some SEs (P1670, S1670, S970, S370 and 

B370) with different HLB values were studied.  The results revealed that SEs with high or 

medium HLB values were vitrified by melting. Their Tg values were determined by means of 

MTDSC. To visualize the changes in the samples during heating, HSM was used. Hydrophilic 

SEs were only softened, while lipophilic SEs were melted by heating. After melting and 

solidification, SEs have partially amorphous layered structures, which slowly crystallize in 

time. Time-dependent solid-state changes (crystalline and amorphous phases) were observed, 

and analysed by means of DSC and XRPD. The DSC scans and X-ray patterns of samples 

stored for up to 4 weeks do not display the same picture as that for the untreated samples. 

These results demonstrate that changes in morphology must be considered during research 

and development. This is especially important as concerns molecularly dispersed materials 

(amorphous state) in SEs. In consequence of the changes in structure, a drug can partially or 

completely assume a crystalline form, which can entail a lower dissolution rate or the 

appearance of an undesirable polymorph form. 

The swelling of the SEs in aqueous medium was also determined by means of rheological 

measurements. It was found that hydrophilic SEs exhibit gelling behaviour at body 

temperature, which can influence the drug release.  

 

B.    Investigation of drug-SE solid dispersions prepared by melt technology 

 

After the thermal and structural characterization of the SEs, the effects of active agents 

on the structures of the SEs were also studied. Drug-SE products were prepared by melt 

technology and investigated by DSC, XRPD, contact angle measurements, dissolution tests 

and rheological measurements. ME and DS as model drugs and three SEs with different 

polarities (P1670, S970 and B370) were chosen for the preparation of the products. 
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Considerable melting range and enthalpy decreases were observed in the DSC curves for the 

drug-SE melted products. The structures of the products were rearranged and their degrees of 

crystallinity were decreased. The molecules of dissolved drugs broke down the structures of 

the SEs, but did not build into the crystalline phase of the carrier. The dissolution of the drugs 

was influenced by the different HLB values and gel-forming behaviour of the SEs, and also 

by the polarity of the drugs and the interactions between the drugs and SEs. 

 

C.     Practical relevance of the results 

 

The results presented in this thesis furnish information on the structures and thermal 

behaviour of the SEs and demonstrate the differences between the properties of the SEs with 

various HLB values.  Moreover, the effects of active agents on the structures of the SEs and 

the effects of the SEs on drug release were studied. 

 
The results allow the following practical conclusions: 

 
• After melting and solidification, the structures of the SEs break down, and then slowly 

rearrange. The original structure does not return either for SEs with high or moderate, or 

for SEs with low HLB values: after melting and solidification, their melts continuously 

change, probably because polymorphs are undergoing transformation. SEs are 

semicrystalline carriers, with both amorphous and crystalline regions. During the 

preparation of solid dispersions, the drugs are built into the amorphous phases of the SEs.  

 
• In the melt technology, mainly the lipophilic SEs may be suggested as carriers. They 

display characteristic melting, whereas SEs with high or moderate HLB values only 

soften during heating. The hydrophilic SEs dissolve well in organic solvents, so they can 

be used to form solid dispersions by the solvent method.  

 
• With respect to the HLB values, hydrophilic SEs (P1670 and S1670) can serve as 

suitable carriers to enhance the rate of dissolution of drugs with poor water-solubility, 

while the lipophilic SEs (S370 and B370) can be used for retardation. S970, with a 

medium HLB value, can promote the dissolution of drugs with poor wettability (such as 
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ME), but it can slow down the release of a soluble drug (such as DS). On the basis of 

their gel-forming properties, SEs with high (S1670 and P1670) or medium HLB values 

(S970) can be suitable for delaying the release of certain drugs.  

 

Figure 34 summarizes the main results of this thesis, and emphasizes the common and the 

different properties of the hydrophilic and lipophilic SEs.  

 

Fig. 34 Common and different behaviour of the SEs 

 

It may be concluded that SEs, and especially lipophilic SEs, can be recommended as carriers 

in hot-melt technology. The use of hydrophilic SEs in the melt method is complicated, 

because of their vitrifying, but, due to their higher polarity, they can be used as excipients to 

form solid dispersions by the solvent method. In recent years, new SEs have been produced, 

such as ER-190 (sucrose erucate, HLB = 1), or POS-135 (SE of mixed fatty acids, HLB = 1), 

but very little information is available on these materials. It appears interesting and useful to 

characterize them, because they may be valuable future materials in the “green” hot-melt 

method.     
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