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ABSTRACTS − The objective of this study was to improve the extent of drug release as well as the dissolution rate of

TD49, a novel algicidal agent, via the preparation of solid dispersion (SD). Among the various carriers tested, Solutol® HS15

was most effective to enhance the solubility of TD49. Subsequently, SDs of TD49 were prepared by using Solutol® HS15

and their solubility, dissolution characteristics and drug crystallinity were examined at various drug-carrier ratios. Solubility

of TD49 was increased significantly in accordance with increasing the ratio of Solutol
®

 HS15 in SDs. Compared to untreated

powders and physical mixtures (PMs), SDs facilitated the faster and greater extent of drug release in water. Particularly, SD

having the drug-carrier ratio of 1:20 exhibited approximately 90% of drug release within 1 hr. Differential scanning cal-

orimetry (DSC) thermograms and X-ray diffraction (XRD) patterns suggested that SDs might enhance the dissolution of

TD49 by changing the drug crystallinity to an amorphous form in addition to the increased solubilization of drug in the pres-

ence of Solutol® HS15. In conclusion, SD using Solutol® HS15 appeared to be effective to improve the extent of drug

release and the dissolution rate of poorly water soluble TD49.
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Harmful algal blooms (HABs) are natural phenomena

caused by blooms of microscopic algae, which significantly

affect the environment and the health of humans as well as

aquatic life (Anderson, 2009; Zingone and Enevoldsen, 2000).

Many HAB species produce toxins that are transferred through

the food web, resulting in the harmful effect on humans and

other organisms that consume them (Erdner et al., 2008; Sell-

ner et al., 2003). Furthermore, non-toxic HABs also cause the

severe damage to ecosystems and aquaculture, since the sheer

biomass of the accumulated algae depletes oxygen levels

through excessive respiration or decomposition (Erdner et al.,

2008; Sellner et al., 2003). Recently, the frequency and sever-

ity of HABs appears to be increasing throughout the coastal

areas of all continents and HABs becomes a world-wide prob-

lem (Sellner et al., 2003; Van Dolah, 2000). Therefore, there is

an urgent and compelling need for controlling HABs.

To control the HABs, several methods have been proposed

including the use of chemicals, clay particles, algicidal viruses

or bacteria (Jancula et al., 2008; Lee et al., 2008; Meepagala et

al., 2005; Sengco and Anderson, 2004; Van Hullebusch et al.,

2002; Anderson, 1997; Nagasaki and Yamaguchi, 1997). For

example, the potential use of clays to control the HABs has

been explored to aggregate with HAB cells and carry them to

bottom sediments (Sengco and Anderson, 2004). However, it

requires considerable amount of preparatory studies to deter-

mine the fate of sedimented cells and toxins and the decom-

position of sedimented biomass and resulting oxygen depletion

(Sengco and Anderson, 2004; Anderson, 1997). Consequently,

the use of clay should be limited due to its high costs and the

possible harmful effects on marine organisms although it has

been successful to some extent (Anderson, 1997). On the other

hand, the application of algicidal chemicals is one of the most

common methods to control the development of HABs, how-

ever, the use of chemicals is often limited by undesirable tox-

icity (Anderson, 2009; Schrader et al., 2003; Tucker, 2000; Nor,

1987). Therefore, the development of new algicidal compounds

selectively effective against harmful algae is urgently needed. 

As a large effort to develop the selective algicides, many

derivatives of thiazolidinedione (TD) have been synthesized

and subsequently TD49, a 5-(3-chloro-4-(cyclohexyloxy)ben-

zylidene)thiazolidine-2,4-dione (Fig. 1), has been identified as

a potent and selective inhibitor against harmful algae such as

Heterosigma akashiwo and Cocholodinium polykrikoide (Kim

et al., 2009). However, TD49 is poorly water soluble and it is

necessary to improve its solubility to ensure further safety

evaluation at high doses and also to maximize its effectiveness

as a new algicidal drug. Therefore, for the solubilization of

TD49, the present study aimed to prepare solid dispersions of
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TD49 and evaluate its solubility as well as dissolution char-

acteristics.

Materials and Methods

Materials

Polyethylene glycol 660 hydroxystearate (Solutol® HS15),

Poloxamer 407 (Lutrol® micro 127 MP) and Povidone K-30

(Kollidon® 30) were obtained from BASF (Ludwigshafen,

Germany). Hydroxypropylmethyl cellulose (HPMC 2910) was

obtained from Whawon Pharm Co. (Whasung, Korea). All

other chemicals were of reagent grade and used without further

purification. TD49 was provided by Dr. Hoon Cho (Chosun

University, Gwangju, Korea) and its chemical structure was

confirmed by 1H NMR ((300 MHz, DMSO-d6) δ 12.59 (s,

1H), 7.72 (s, 1H), 7.70 (s, 1H), 7.52 (d, J = 13.2 Hz, 1H), 7.37

(d, J = 13.2 Hz, 1H), 4.56-4.62 (m, 1H), 2.03-2.50 (m, 2H),

1.69-1.86 (m, 2H), 1.51-1.54 (m, 2H), 1.35-1.45 (m, 4H).

Carrier Screening

Various carriers were examined for solid dispersion prep-

aration with TD49. For this purpose, the solubility of TD49

was evaluated in the presence of various carriers (1%w/v) such

as HPMC 2910, Poloxamer 407, Povidone K-30 and Solutol®

HS15 as described in Solubility Study Section. 

Preparation of Physical Mixture and Solid Dispersions

TD49 and Solutol® HS15 were dissolved in ethanol. The

amount of ethanol varied depending on the drug-carrier ratios.

After the complete dissolution, the solvent was removed under

vacuum at room temperature. The resulting solid dispersion

was scraped out with a spatula and dried under vacuum for 12

hrs. The weight ratios of drug to Solutol® HS15 were 1:5, 1:10

and 1:20. Physical mixtures (PMs) having different drug-car-

rier ratios were also prepared by simply mixing TD 49 and

Solutol® HS15 using a spatula in a mortar. 

Solubility Studies

Drug amount equivalent to 1 mg of TD49 was dissolved in

1mL of distilled water and stirring at 700 rpm for 48 hrs at

room temperature. The samples were then centrifuged at

13000 rpm for 10 min and filtered through 0.45 µm pore-sized

PTFE syringe filter and analyzed by HPLC.

Differential Scanning Calorimetry (DSC) and Powder

X-ray Diffraction (PXRD)

Thermal analysis was carried out using a DSC unit (Pyris 6

DSC, Perkin Elmer, Netherlands). Indium was used to cal-

ibrate the temperature scale and enthalpic response. Samples

were placed in aluminum pans and heated at a scanning rate of

10oC/min from 20 to 200oC, using nitrogen as a purge gas.

Samples were also evaluated by using an X-ray powder dif-

fractometer (X’Pert PRO MPD, PANalytical Co., Holland).

Monochromatic Cu Kα-radiation (λ=1.5418 Å) was obtained

with a Ni-filtration and a system of diverging and receiving

slides of 0.5o and 0.1 mm, respectively. The diffraction pattern

was measured with a voltage of 40 kV and a current of 30 mA

over a 2θ range of 3-40o using a step size of 0.02o at a scan

speed of 1 s/step.

Dissolution Studies

Dissolution studies were conducted using the USP paddle

method at 50 rpm using 300 mL of dissolution medium in a

DST 600A dissolution tester (Fine Science Institute, Korea).

Test samples containing drug amount equivalent to 6 mg of

TD49 was filled into hydroxypropyl methylcellulose (HPMC)

capsules. Then, all samples were exposed to distilled water for

2 hrs and samples were withdrawn at predetermined time

points. After the each sample collection, an equivalent amount

of fresh medium was added to maintain the constant volume of

dissolution media. Samples were then filtered through 0.45 µm

pore-sized PTFE syringe filter. Filtered samples were analyzed

by HPLC to determine the released drug amount. The exper-

iment was performed in triplicates.

HPLC Analysis

TD49 concentration was analyzed by the HPLC assay.

Rosiglitazone was used as an internal standard for the assay.

The chromatographic system was consisted of a pump (LC-

10AD), an automatic injector (SIL-10A) and a UV detector

(SPD-10A) (Shimadzu Scientific Instruments, Tokyo, Japan).

An octadecylsilane column (Gemini C18, 4.6 × 250 mm,

5 µm; Phenomenex, Torrance, CA, USA) was eluted with a

mobile phase consisting of 10 mM phosphate buffer:aceto-

nitrile (25:75, v/v%, pH 4.3). The flow rate was 1.0 mL/min

with the detection wavelength set at 320 nm. The retention

time of TD49 and the internal standard was 30 min and

5.7 min, respectively.

Figure 1. Structure of TD49.
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Results and Discussion

Numerous studies have demonstrated the preparation of

solid dispersions with hydrophilic polymers as an effective

approach to improve the dissolution of poorly water soluble

drugs. For example, the incorporation of poloxamer 407 in

solid dispersion of poorly water soluble nifedipine markedly

increased the solubility of nifedipine and facilitated the faster

and more complete dissolution (Chutimaworapan et al., 2000).

Rajebahadur et al. (2006) also reported that solid dispersion of

nifedipine using Solutol® HS15 increased the solubility and

dissolution rate of nifedipine. The enhanced solubility and dis-

solution via the solid dispersion could be explained by the sev-

eral factors such as drug solubilizing effect of hydrophilic

carriers, better wettability of drug by the carrier and the change

of drug crystallinity to amorphous form (Ahuja et al., 2007;

Vasconcelos et al., 2007). Therefore, in the present study,

enhanced solubility and drug release of TD49, a novel algi-

cidal agent was attempted by the preparation of SDs with a

hydrophilic carrier.

As summarized in Table I, among the tested carriers, Solu-

tol® HS15 appeared to be most effective to markedly increase

the solubility of TD49. As an effective solubilizer, Solutol®

HS15 forms the loose and porous spherical micelles, which

could be the reason for the high solubilizing capacity of Solu-

tol® HS15 for a wide range of drug. In addition, Solutol®

HS15 exhibited low toxicity profile (LD50/iv/rat: > 1.47 g/kg,

LD50/oral/rat: ~20 g/kg) (Wade and Weller, 1994). Therefore,

based on the favorable toxicity profile and also the high sol-

ubilizing capacity, Solutol® HS15 was selected as a hydro-

philic carrier for the preparation of SDs of TD49 and then their

solubility profiles were evaluated at different drug-carrier

ratios. As illustrated in Fig. 2, solubility was enhanced by

increasing the proportions of Solutol® HS15 in both PMs and

SDs. Given that the critical micelle concentration (CMC) of

Solutol® HS15 is 0.021% (w/v) (Buszello et al., 2000), the

amount of Solutol® HS15 in all tested PMs and SDs was above

the critical micelle concentration. Therefore, there should be

simultaneous increase in micelles concentration with the

increase in Solutol® HS15 concentration. Overall, the solu-

bility of solid dispersions was significantly higher than that of

the physical mixtures. Particularly, at the weight ratio of 1:20,

solubility of TD49 from solid dispersion was two times higher

as compared to that of physical mixture. Those results suggest

that in addition to the solubilizing effect of Solutol® HS15, the

increase in solubility via the SD preparation should be

explained by the change in drug crystallinity of TD49 in SDs.

Therefore, the change in drug crystallinity was examined by

DSC thermograms and PXRD patterns.

As shown in Fig. 3, the DSC curves of pure TD49 and Solu-

tol® HS15 exhibited the characteristic endothermic peaks

around 187oC and 30oC, respectively, which corresponded to

their intrinsic melting points. However, the distinctive endot-

Table I. Solubility of TD49 in Water (Mean±S.D., n=3)

Carriers (1% w/v) Solubility (µg/mL)

None 0.836±0.152

Povidone K-30 2.06±0.64

HPMC 2910 7.74±2.67

Poloxamer 407 6.09±0.45

Solutol® HS15 147±22.1

Figure 2. Solubility of TD49 in untreated powder, physical mix-
tures (PM) and solid dispersions (SD) with Solutol

®
 HS15 at var-

ious weight ratios (Mean±SD, n=3).

Figure 3. DSC thermograms of TD49, Solutol® HS15, physical
mixture (PM) and solid dispersions (SD).
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hermic peak of TD49 was not shown in SDs, implying that

TD49 might have molecularly dispersed in the carrier. Inter-

estingly, the DSC thermogram of PMs was similar to that of

SDs. This result might be explained by the fact that TD49 in

PM dissolved in the melted Solutol® HS15 when thermal anal-

ysis was performed and thus the melting peak of TD 49 dis-

appeared. 

Since DSC thermograms could not differentiate PMs from

SDs, XRD studies were used to examine the crystallinity of

TD49 in PMs and SDs. As shown in Fig. 4, pure TD49 has

several dominant peaks at 2-θ angles within 30o. Solutol®

HS15 also has two characteristic peaks at 19.4o and 23.4o. In

case of 1:20 PM, although most of peaks disappeared, peaks at

7.8o, 10.4o, 15.8o, 19.4o and 23.4o were still observed. Except

for the peaks at 19.4o and 23.4o overlapped with the peaks of

Solutol® HS15, peaks at 7.8o, 10.4o and 15.8o came from the

crystalline form of TD49, implying that TD49 in PM should be

present in crystalline form. In contrast, characteristic peaks of

TD49 completely disappeared in SDs, suggesting that TD49

was in amorphous form. Those results strongly supported that

the improved solubility of SD formulation should be explained

by the change of drug crystallinity into amorphous form in

addition to the better wettability and micelle formation in the

presence of Solutol® HS15. 

The dissolution characteristics of SDs were also evaluated in

water and compared to those of PM and untreated powder. As

shown in Fig. 5, while pure TD49 remained practically undis-

solved in water for 2 hr, SDs promoted effectively the faster

and greater dissolution of TD49. In the case of 1:20 SD,

approximately 90% of drug release was observed within 1 hr.

It also exhibited far greater drug release than the corresponding

PM, suggesting that amorphous state of TD49 facilitated the

extent of drug release as well as dissolution rate of TD49 in

SDs. The enhanced dissolution of TD49 in PM compared to

the untreated powder (pure TD49) could be explained by the

increased solubilization of drug via the better wettability and

the formation of micelles in the presence of Solutol® HS15

(Rajebahadur et al., 2006). 

Collectively, the present study suggests that SDs might be

useful to improve the solubility and dissolution of TD49. In

general, the practical usefulness of SD formulations can be

limited by the physicochemical instability, therefore, the sta-

bility of SDs and potential re-crystallization of TD49 during

the storage should be assessed in further characterization.

Conclusion

Preparation of solid dispersion of TD49 with Solutol® HS15

appeared to be an effective approach to improve the extent of

drug release as well as dissolution rate of poorly water soluble

TD49, mainly via the change in drug crystallinity to amor-

phous form as well as the increased solubilization of drugs in

the presence of Solutol® HS15.

Figure 4. X-ray diffractograms of TD49, Solutol® HS15, physical
mixture (PM) and sold dispersions (SD).

Figure 5. Dissolution profiles of TD49 from the untreated powder,
physical mixture (PM) and solid dispersions (SD) with Solutol®

HS15 in water (50 rpm, Mean±SD, n=3). 
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