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บทคดัยอ่  

วัตถุประสงค์: ระบบเมทริกซ์ชนิดไม่ชอบน ้ำเป็นรูปแบบส ำหรับควบคุมกำร
ปลดปล่อยยำ ระบบนี้สำมำรถดดัแปลงอตัรำกำรปลดปล่อยยำได้โดยกำรปรับ
ปริมำณไขหรอืพอลเิมอร์ชนิดชอบน ้ำ งำนวิจยันี้ศึกษำสมบตัดิ้ำนควำมร้อนและ
พฤติกรรมสภำพเป็นผลึกของยำต้นแบบ (โพรพรำโนลอล ไฮโดรคลอไรด์ และ 
ไฮโดรคลอโรไทอะไซด์) ในอัตรำส่วนต่ำง ๆ ของเมทริกซ์ที่มีส่วนประกอบไข
เชลแล็กและโพลอกซำเมอร์ซึ่งมวีธิีกำรเตรยีมที่แตกต่ำงกนั ได้แก่ กำรผสมร่วม
ทำงกำยภำพ และกำรหลอมรวม วิธีการศึกษา: ท ำกำรเตรียมตัวอย่ำงด้วย 1. 
กำรผสมร่วมทำงกำยภำพ โดยยำตน้แบบและยำพืน้ทัง้ 3 ชนิดถูกผสมเขำ้ดว้ยกนั
ด้วยโกร่งและลูกโกร่ง 2. กำรเตรยีมตวัอย่ำงด้วยกำรหลอม ยำพื้นแต่ละชนิดถูก
หลอมก่อนผสมยำตน้แบบลงไปและปล่อยใหเ้ยน็ตวัลงทีอุ่ณหภูมหิอ้ง ตวัอย่ำงจำก
กำรเตรยีมทัง้สองวธิไีดถู้กประเมนิสมบตัดิำ้นควำมรอ้นดว้ยวธิ ีthermogravimetric 
(TGA), differential scanning calorimetry (DSC) hot stage microscope (HSM) 
และพฤติกรรมสภำพเป็นผลึกด้วย  powder X- ray diffractometry (PXRD) 
นอกจำกนี้ ยงัใชเ้ทคนิค FT-IR ตรวจสอบอนัตรกริยิำระหว่ำงยำตน้แบบและยำพืน้
ด้วย ผลการศึกษา: ลกัษณะภำพจำก TGA แสดงให้เห็นว่ำยำต้นแบบและสำร
ชนิดอื่นไม่สลำยตวัทีอุ่ณหภูมเิตรยีมตวัอย่ำง กำรทดสอบคุณสมบตัดิำ้นควำมรอ้น
และพฤตกิรรมสภำพเป็นผลกึบ่งชีว้่ำไม่เกดิอนัตรกริยิำระหว่ำงยำโพรพรำโนลอล
และยำพื้น ส่วนยำไฮโดรคลอโรไทอะไซด์ที่ควำมเขม้ขน้ต ่ำ (10 เปอร์เซ็นต์โดย
น ้ำหนัก) กบัโพลอกซำเมอร์อำจเกดิโซลิดดสิเพอร์ชนั (solid dispersion) ซึ่งมกั
เกดิเมื่อยำที่ไม่ชอบน ้ำผสมกบัพอลเิมอร์ชนิดชอบน ้ำ นอกจำกนี้ยงัพบว่ำไม่เกิด
อนัตรกิริยำระหว่ำงยำไฮโดรคลอโรไทอะไซด์กบัยำพื้นซึ่งยนืยนัได้ด้วยเทคนิค 
FT-IR สรุป: ยำโพรพรำโนลอล ไฮโดรคลอไรด์และไฮโดรคลอโรไทอะไซด์ไม่เกดิ
อนัตรกิรยิำกบัเมทรกิซ์ไขเชลแล็กและโพลอกซำเมอร์ กำรเขำ้ใจคุณสมบตัดิ้ำน
ควำมร้อนและพฤตกิรรมสภำพเป็นผลกึของยำต้นแบบทัง้สองในตวัอย่ำงทีเ่ตรยีม
ด้วยวิธีต่ำงกนัเป็นประโยชน์ในกำรพฒันำยำเม็ดชนิดเมทรกิซ์ด้วยกำรใช้ยำพื้น
ชนิดนี้เป็นสำรก่อเมทรกิซ์ 

ค าส าคญั: เมทรกิซ์, โพรพรำโนลอล ไฮโดรคลอไรด,์ ไฮโดรคลอโรไทอะไซด,์ ไข
เชลแลก็, โพลอกซำเมอร ์ 

 

 

 

  

Abstract 

Objective:  Hydrophobic matrix system is a controlled- release dosage form 
that could affect the drug release.  It can modify drug release rates by 
adjusting the amount of wax or incorporating hydrophilic polymers.  This 
research investigated thermal properties and crystallinity behavior of model 
drugs (propranolol hydrochloride (PRN) and hydrochlorothiazide (HCTZ)) in 
various ratios of shellac wax (SHW)  and poloxamer matrices from different 
preparation methods ( physical mixture (PM)  and molten sample (MS) ) . 
Method: The model drugs and three base types (SHW, poloxamer and mixed 
base (SHW:Poloxamer) )  were mixed together by mortar and pestle for PM 
preparation. In addition, each base was melted following the incorporation of 
the model drug and then solidified at room temperature for MS preparation. 
Both PM and MS were evaluated for their thermal properties with the thermo-
gravimetric method (TGA), differential scanning calorimetry (DSC), hot stage 
microscope (HSM) and crystallinity properties with powder X- ray 
diffractometry (PXRD). In addition, FT-IR techniques was used to investigate 
the interaction between model drugs and bases.  Results:  TGA results 
indicated that the model drugs and another compounds did not degrade at 
the preparation temperature.  The characterization of thermal properties and 
behavior of crystallinity did not show any interactions between PRN and other 
bases, but both PM and MS of HCTZ at a low content ( 10%  w/ w) 
incorporated in poloxamer may be described by the solid dispersion which 
usually occurred when a hydrophobic drug was mixed with a hydrophilic 
polymer.  In addition, there was no interaction between HCTZ and all bases 
which confirmed with FT- IR.  Conclusion:  There is no interaction between 
PRN and HCTZ with matrix comprising shellac wax and poloxamer. 
Understanding thermal properties and crystallinity behavior of these two drug 
compounds in physical mixture and molten mixtures of shellac wax-
poloxamer is useful for developing the matrix tablet using these bases as the 
matrix formers.  

Keywords:  matrix, propranolol hydrochloride, hydrochlorothiazide, shellac 
wax, poloxamer   

 
 

Introduction 

A controlled release dosage form delivers drugs locally or 
systemically at a predefined rate for a specified period of time. 
The purpose of controlled release dosage form is to provide 

desirable drug release profiles that can achieve therapeutic 
plasma levels. 1 The matrix system is one type of controlled 
release dosage form. It is designed to solve many drawbacks 
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of the conventional dosage form2 such as reducing the 
frequency of dosing3 and reducing or avoiding side effects due 
to high plasma drug concentrations4.  The different types of 
matrix systems can be classified with different drug release 
mechanisms including reservoir matrix systems, monolithic 
matrix systems and osmotic pump systems. In this study, the 
authors focused on the monolithic matrix system which 
involves drugs to be encapsulated or dispersed in a matrix. 5 
These systems can be employed by forming hydrophobic 
matrices which release drugs after being dissolved by a 
solvent and/ or hydrophilic matrices which swell on hydration 
and dissolve to release drugs.6,7 Hydrophobic matrix systems 
are mainly formulated by waxes and can be suitable for drugs 
which have high solubility. 8 Wax- based matrices have been 
investigated to ascertain factors that would affect the release 
of drugs.  They can modify release rates by increasing the 
amount of drugs or wax concentration, as well as incorporating 
hydrophilic polymers which would enhance drug release. 9 A 
wax- based matrix tablet could be prepared by sintering 
method based on heating the waxy material and blending 
other excipients into the molten wax. 2 Some methods could 
be used to prepare the wax matrix including hot melt 
extrusion10 or injection molding.11 On the other hand, 
hydrophilic matrix systems tend to be more popular in tablet 
manufacture for controlled release systems. 8 On contact with 
water, the hydrophilic matrix systems can expand due to the 
entry of the water molecules. This then allows the polymer to 
swell up forming a gel layer which is a barrier to drug release. 
The drug’ s particles would then move through the gel layer 
via diffusion or erosion eventually allowing the drug to be 
released.4 

Shellac wax (SHW) is a natural by-product obtained from 
Laccifer lacca which is a class of insect.  Shellac is secreted 
to prevent blockage of cell pores and acts as an anti-
constipate to alleviate discomfort of the natural secretive 
activity of the insect. 12 This wax has been found in India, 
Thailand and other Southeast Asian countries.  The SHW is 
obtained from about 5%  of a by- product of shellac.  The 
appearance of SHW is brownish or yellow, shiny, translucent, 
hard or brittle, and thinly flaked. 13 SHW is composed of four 
fatty materials including fatty acid esters (70 - 82%), free fatty 
alcohols (8 - 14%), free fatty acids (1 - 4%) and hydrocarbons 
(1 - 6%).14 The three main fatty acid monomers in SHW are 
aleuritic acid, shellolic acid and jalaric acid. These monomers 
can interact together to form fatty acid ester and fatty alcohol 

products. 13 The chemical structure of these fatty acids are 
shown in Figure 1.  Normally, SHW is used as a coating 
material to protect agriculture products from moisture and 
air.15 In pharmaceuticals, SHW is used as a sustained release 
material in pellet dosage form which can slow down water 
penetration into pellets16 (Lantz et al., 1964) and is used as a 
powder coating material in tablets which can provide a 
homogeneous and stable film.17 
                       

 
 
 Figure 1  Chemical structure of fatty acid monomer in 
shellac wax (SHW).13 

 
Poloxamer is a synthesized tri-block copolymer which 

consists of ethylene oxide (EO)  and propylene oxide (PO) 
blocks arranged in a tri-block structure. Registered trademarks 
of these copolymers (e. g. , Pluronic, Synperonic or Tetronic) 
cover a large range of liquids, pastes and solids.  These 
copolymers have amphiphilic properties. 18 The hydrophilic 
polymer can modify the drug release profile for a wax-based 
matrix due to the hydrophilic property of poloxamer; hence, it 
could create the pores and channels on the wax matrix which 
allow a higher content of dissolution medium penetration. 19 
The incorporation of this polymer might enhance the drug 
release of shellac wax matrix; therefore, this poloxamer is 
used to tune up the drug release from shellac wax matrix in 
this experiment. The chemical structure of poloxamer is shown 
in Figure 2.  

 

 
 

 Figure 2  Chemical structure of poloxamer.  
 
Propranolol hydrochloride ( PRN)  is classified as 

nonselective beta-adrenergic blocking agent which is widely 
used in the treatment of hypertension and many other 



ไทยเภสัชศาสตรแ์ละวทิยาการสขุภาพ ปี 16 ฉบับ 3, กค. – กย. 2564 241 Thai Pharm Health Sci J Vol. 16 No. 3, Jul. – Sep. 2021 

cardiovascular disorders. 20 The oral bioavailability of PRN is 
low at about 15-23%.  It is a stable, white, crystalline solid 
which is readily soluble in water and ethanol.  Its molecular 
formula is C16H22ClNO2 and has a molecular weight of 295. 8 
g/mol. The chemical structure of PRN is shown in Fig.3. It is 
a highly water- soluble drug with a relatively short biological 
half-life of 3 - 5 hours with the usual dose being 40 mg thrice 
daily. 21 The high frequency of administration affects the 
fluctuation of the plasma drug concentration.  Therefore, it 
would be convenient for patients if it is prepared in controlled 
drug release dosage forms which are administered once daily. 

Hydrochlorothiazide (HCTZ)  is an antihypertensive drug 
acting as a diuretic.  It belongs to the thiazide class that acts 
by inhibiting the kidneys’  ability to retain water.  It is a white 
crystalline powder which is slightly soluble in water.  Its 
molecular formula is C7H8ClN3O4S2 and has a molecular 
weight of 297. 7 g/mol.  The chemical structure of HCTZ is 
shown in Fig. 3.  The plasma half- life and oral bioavailability 
vary between 5. 6 –  14. 8 hours and between 60 -  80% , 
respectively, depending on the subject. The main side effects 
of HCTZ are an increase in serum urate concentration, 
weakness and confusion due to low blood levels of potassium, 
sodium, and magnesium, and a high dose-dependent level of 
calcium. 22 To avoid excessive fluctuation in the plasma level 
that can induce side effects, HCTZ should be developed as 
the controlled release dosage form.  Therefore, PRN and 
HCTZ were used as hydrophilic and hydrophobic model drugs 
in this experiment, respectively.  In this study, thermal 
properties and crystal behavior of model drugs in various 
ratios of SHW and poloxamer matrices were studied and 
different preparation methods ( physical mixture ( PM)  and 
molten sample (MS)) were also investigated. 

 

     
                    (A)                                                     (B) 

 Figure 3  Chemical structures of PRN (A) and HCTZ (B). 
 

Methods 
   

Materials  
Hydrochlorothiazide ( HCTZ)  ( Batch No. :  I1413891, 

supplied by Government of Pharmaceutical Organization, 

Thailand)  and propranolol hydrochloride (PRN)  (Lot.  No. : 
M080311, procured from PC Drug Co. , Ltd. , Bangkok, 
Thailand)  were used as hydrophobic and hydrophilic model 
drugs, respectively. Poloxamer 407 or Lutrol® F127 (Lot. No.: 
WPDF563B, purchased from BASF, Ludwigshafen, Germany) 
and shellac wax (SHW)  (purchased from Ake shellac Co. , 
Ltd., Lumpang, Thailand) were used as the matrix formers for 
the controlled release system. 

 

Methods 
Preparation of physical mixture ( PM)  and molten 

sample (MS) 
The physical mixture (PM) of the drug loaded matrix was 

prepared by mixing the model drug (HCTZ or PRN) into three 
bases which were SHW, poloxamer and mixed base. A model 
drug and base were mixed together by mortar and pestle for 
10 min.  In the case of the mixed base, SHW and poloxamer 
were firstly mixed and then the model drug was mixed by 
mortar and pestle.  For the molten sample (MS) , each base 
was melted followed by incorporating the model drug.  In the 
case of the mixed base, SHW was firstly melted and then the 
same weight ratio of poloxamer was melted afterward. Finally, 
the model drug was added into the molten base. The MS was 
mixed using a stirrer at 100 rpm at 80ºC and then solidified at 
room temperature.  Both PM and MS were kept in the 
desiccator. 

 

Evaluations  
1. Thermal degradation study of each compound in matrix 
using TGA  

Thermogravimetric analysis (TGA) was used to investigate 
the thermal degradation property of each compound in 
formulation, including HCTZ, PRN, SHW and Poloxamer. The 
5 mg of each compound was weighed and placed in the 
standard aluminum sample pans.  The pan was then sealed 
and placed in a thermogravimetric analyzer (TG/DTA 6200, 
Chiba, Japan)  with a heating rate of 10 ºC/min.  The heating 
range was 30- 550 ºC in an atmosphere of nitrogen of 200 
mL/min. 

 

2. Thermal behavior study of each compound in matrix 
2.1 Differential scanning calorimetry (DSC) method 
Each pure compound of both model drugs (HCTZ and 

PRN) , SHW, poloxamer, mixed base and drug loaded  
matrices, which included PM and MS, were used as samples 
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for this thermal analysis. The drug loaded matrix was prepared 
by mixing 10-50% w/w of the model drug into SHW, poloxamer 
and mixed bases. All samples weighed about 5 mg and were 
placed in the standard aluminium pan.  The pan was then 
sealed and heated in the DSC chamber (DSC 6200, Chiba, 
Japan)  with a heating rate of 10 ºC/min.  The heating range 
was 30- 350 ºC in an atmosphere of nitrogen at 40 mL/min. 
The components of sample for DSC analysis including pure 
compound, PM and MS in various ratios of model drug and 
bases are shown in Table 1. 

 
 Table 1  Samples for DSC analysis. 

Pure compound Physical mixture (Poloxamer:SHW) Molten mixture (Poloxamer:SHW) 
HCTZ 10% w/w model drug* in 10:0, 5:5, 0:10 10% w/w model drug in 10:0, 5:5, 0:10 

PRN 20% w/w model drug in 10:0, 5:5, 0:10 20% w/w model drug in 10:0, 5:5, 0:10 

Poloxamer 30% w/w model drug in 10:0, 5:5, 0:10 30% w/w model drug in 10:0, 5:5, 0:10 

SHW 40% w/w model drug in 10:0, 5:5, 0:10 40% w/w model drug in 10:0, 5:5, 0:10 

Mixed base 
(Poloxamer:SHW = 5:5) 

50% w/w model drug in 10:0, 5:5, 0:10 50% w/w model drug in 10:0, 5:5, 0:10 

  * Remark: the model drugs including HCTZ and PRN were separately mixed into the bases.   

 
2.2 Hot stage microscopic (HSM) method 
A hot stage microscope ( stage from Mettler Toledo, 

Bangkok, Thailand and microscope from Olympus, Bangkok, 
Thailand)  was used to observe the melting behavior of each 
compound under heating conditions.  In addition, the change 
of each compound’ s morphology and crystallinity was also 
observed. PMs of the model drugs with poloxamer, SHW and 
mixed base were also investigated with this technique.  The 
10% w/w of model drugs were mixed with poloxamer, SHW 
or mixed base by mortar and pestle.  Both PM and MS were 
heated at 10 ºC/min from 30-180 ºC. A picture of each sample 
was photographed from room temperature to 180 ºC and 
when it was cooled down to 30 ºC.  The components of PM 
and MS are shown in Table 2. 

 
 Table 2  Samples for HSM analysis.  

Physical mixture (PM) Molten mixture (MS) 
10% w/w model drug* in SHW 10% w/w model drug in SHW 
10% w/w model drug in poloxamer 10% w/w model drug in poloxamer 
10% w/w model drug in mixed base 10% w/w model drug in mixed base 

  * Remark: the model drugs including HCTZ and PRN were separately mixed into the bases.  

 
3.  Crystallinity determination of each compound in matrix 
using powder X-ray diffractometry (PXRD) 

PXRD of PRN, HCTZ, SHW, poloxamer and mixed base 
were carried out.  In addition, PM or MS that exhibited 
significant alterations in DSC thermogram was also analyzed 

with PXRD.  The samples were grinded into fine particles by 
mortar and pestle and then placed into the PXRD disc.  All 
samples were evaluated using a powder X- ray diffractometer 
(MiniFlex II, Tokyo, Japan) by scanning through the range of 
0-30 º2θ. 

 
4. The intermolecular interaction study of each compound 
in matrix using Fourier transform- infrared spectroscopy 
(FT-IR) 

The spectra of PRN, HCTZ, SHW, poloxamer and mixed 
based were carried out. In addition, PM or MS that exhibited 
significant alterations in DSC thermogram and PXRD 
diffractogram was also analyzed with FT-IR (Nicolet 4700, 
Madison, USA). The small amount of sample was blended 
with potassium bromide and compressed with plunger and die 
to make a pellet using hydraulic press at compression force 
of 4 tons. The sample pellet was mounted in IR chamber. The 
% transmittance of sample was recorded.  The spectra were 
acquired at a resolution of 2 cm-1, in the range of 400 -  4000 
cm-1. 

  

Results and Discussions 
    

1. Thermal degradation study of each compound in matrix 
using TGA 

The TGA thermograms are shown in Figure 4. From the 
TGA thermograms, HCTZ began degradation at 295 ºC and 
degraded rapidly approximately at 336 ºC, which 
corresponded the previous study by Menon et al. (2002)23. 
The degradation was due to thermal oxidation between HCTZ 
and oxygen or air in the system.23 PRN exhibited degradation 
at 215 ºC and rapid degradation was observed at 300 ºC, 
which was different from the report of Macêdo et al. (2000).24 
They reported 4-step of degradation for PRN at 285.6, 324.1, 
667.2 and 898.1 ºC, respectively.24 The different result might 
have been due to the difference in the study’s condition. The 
thermal degradation temperature of poloxamer was found only 
one step at 401.5 ºC which was close to the result of previous 
research work of Hritcu et al (2009).25 Therefore, multistep 
degradation was observed in natural waxes which are 
composed of numerous natural fat compounds.26 In this study, 
the TGA curve of SHW also exhibited in multistep degradation 
at temperatures ranging from 240 to 500 ºC. Thus, the results 
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 Figure 4  TGA Thermograms of HCTZ, PRN, Poloxamer and SHW. 
 

signified that the model drugs and other compounds would not 
degrade at the preparation temperature of 80 ºC. 
 
2. Thermal behavior study of each compound in matrix 
tablets 

2.1 Differential scanning calorimetry (DSC) 
The thermal parameters from DSC analysis, including 

endothermic peak and enthalpy of pure compounds which 
consist of model drugs (HCTZ and PRN) and bases 
(poloxamer and SHW), are shown in Fig 5.  The sharp 
endothermic melting peak was found at 272.2 ºC and 166.7 

ºC for HCTZ and PRN, respectively. As for the bases, 
poloxamer showed a sharp endothermic melting peak at 56.2 
ºC. There were two sharp endothermic peaks at 64.8 ºC and 
79.5 ºC and a slight endothermic peak at about 50 ºC for 
SHW. The mixed base of poloxamer:SHW in ratio 5:5 still 
unchanged endothermic melting peak of both poloxamer and 
SHW, which indicated that there is no interaction between 
poloxamer and SHW. 

The endothermic melting peak of HCTZ disappeared in 
PM and MS at 10, 20 and 30% HCTZ in poloxamer (Figures 
6A and 6D) and also at 10 and 20% HCTZ in mixed base (Fig. 
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6C), respectively as marked with red square. It may be 
concluded that HCTZ could disperse as a particulate form in 
the poloxamer. On the other hand, the endothermic melting 
peak of HCTZ and SHW were clearly observed for both PM 
and MS (Fig.6B and 6E). It may be that the chemical 
interaction or solid dispersion of HCTZ could not occur in 
SHW. In the cases of PM and MS of PRN, there was not any 
change in the melting peak of their individual matrix bases 
(Fig. 7). Thus, PRN did not interact or disperse as a solid in 
the matrix bases. Additionally, the one new endothermic peak 
of SHW appeared at about 84.0 ºC in the MS of mixed base 
(red arrow marker in Fig. 6F and 7F), containing PRN or HCTZ 
with the decrement of the 79.5 ºC endothermic peak of SHW, 
signifying the interaction between poloxamer and SHW in 
preparation by the heating method. 

Results indicated that there was no any interaction 
between PRN and other bases (poloxamer and SHW). 
However, at a low content (10% w/w) of HCTZ in poloxamer 
there could be a solid dispersion that usually occurred when 
the hydrophobic drug was mixed with the hydrophilic 
polymer.27 This phenomenon was observed from the absence 
of HCTZ peak when mixed together with poloxamer for both 
PM and MS. For example, the HCTZ solid dispersion was 
found when it was incorporated with PEG 6000.28 The active 
surface property of poloxamer could promote the solubility of 
the hydrophobic drug in the molten poloxamer resulting in the 
absence of a drug melting peak.29 

The multicomponent endothermic peaks of the DSC 
thermogram were found in SHW, indicating the multi-
compositions of the natural waxes. SHW composes four 
components including fatty acid esters (70-82%), free fatty 
alcohols (8-14%), free fatty acids (1-4%) and hydrocarbons  
(1-6%).30 The two sharp endothermic peaks of SHW were the 
melting peak of the fatty acid esters and the fatty alcohols 
because their highest amounts were in SHW. The peak of free 
fatty acids and hydrocarbons were crowded by those two 
peaks.14 When SHW was incorporated into poloxamer, it was 
possible that some components of SHW, especially for fatty 
ester and fatty alcohol, were easily dissolved in the medium 
because their functional groups were rather hydrophilic. 
Moreover, poloxamer could promote more wettability and 
spreadability of the dissolution medium on those components 
from its surface-active property. 

2.2 Hot stage microscopy (HSM) 
The melting behaviors and crystal morphologies of HCTZ 

and PRN in PM are presented in Fig. 8 and Fig. 9, 
respectively. These melting behaviors were similar to that in 
MS as presented in Fig. 10 and Fig. 11 for HCTZ and PRN, 
respectively. It started with melting the bases followed by 
melting PRN at about 160 ºC. After the system was cooled, 
PRN started to recrystallize at a temperature below 160 ºC. 
The needle-like crystal of PRN was obtained especially in both 
PM and MS of PRN in poloxamer (white circle marker in Fig. 
9 and Fig. 11). This result indicated a lack of interaction 
between PRN and all the bases since the crystal presented 
and melted and recrystallized near its melting point. In the 
case of HCTZ, this phenomenon did not occur because the 
melting temperature of HCTZ was higher than 180 ºC at which 
the temperature of this HSM study could not be reached. 
Therefore, the HCTZ crystal did not exhibit any change 
through the experiment although some seemed to disperse 
into the poloxamer liquid phase (white circle marker in Fig. 8 
and Fig.10). This result was similar to the thermal behavior of 
each compound as observed by DSC. 

Although the HCTZ crystal remained in all bases, the 
amount was quite different. The crystals in poloxamer were 
rarely found when compared with those in SHW (white circle 
marker in Fig. 8 and Fig.10). Moreover, the needle-like crystal 
of PRN was only found in poloxamer while there were many 
crystal nuclei in SHW. In the previous study, Savolainen et al. 
reported the HSM characterization of poloxamer and other 
wax-based systems described the drug solubility in the molten 
bases and also the drug’s crystal structure in each base.31 
The recrystallization of the drug in the molten base was also 
reported by Bruce et al. (2007).32 They reported the 
characterization of guaifenesin recrystallization in the hot-
melted extrudates. Surprisingly, the report stated that 
poloxamer and other hydrophilic polymers exhibited as crystal 
growth inhibitors due to their active surface property.32 
However, this experiment found the recrystallization of PRN in 
poloxamer because PRN could not dissolve into poloxamer. 
Hence, their crystal habit could still be observed unlike those 
of HCTZ of which most of them were dispersed in the 
poloxamer and, thus, only a small amount of the HCTZ crystal 
remained to be observed. 
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 Figure 5  DSC Thermograms of pure compounds (HCTZ, PRN, poloxamer, SHW) and mixed base of poloxamer:SHW at ratio 
5:5.  

 

 
 Figure 6  DSC thermograms for PM of 10 - 50% of HCTZ in poloxamer (A), SHW (B), mixed base (C) and MS of 10-50% 
HCTZ in poloxamer (D), SHW (E) and mixed base (F).  
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 Figure 7  DSC thermograms for PM of 10 – 50% of PRN in poloxamer (A), SHW (B), mixed base (C) and MS of 10 – 50% 
PRN in poloxamer (D), SHW (E) and mixed base (F) 
 
 

 
 

 Figure 8  HSM micrographs of 10% HCTZ in PM containing poloxamer, SHW and mixed base at room temperature (RT), 
maximum temperature at 180 ºC (MX) and after cooling to room temperature (CD).  
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 Figure 9  HSM micrographs of 10% PRN in PM containing poloxamer, SHW and mixed base at room temperature (RT), 
maximum temperature at 180 ºC (MX) and after cooling to room temperature (CD).  

 

 
  

 Figure 10  HSM micrographs of 10% HCTZ in MS containing poloxamer, SHW and mixed base at room temperature (RT), 
maximum temperature at 180 ºC (MX) and after cooling to room temperature (CD).  
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 Figure 11  HSM micrographs of 10% PRN in MS containing poloxamer, SHW and mixed base at room temperature (RT), 
maximum temperature at 180 ºC (MX) and after cooling to room temperature (CD).  

 
 

 
3. Crystallinity determination of each compound in matrix 
using powder X-ray diffractometry (PXRD) 

The diffractograms of each pure compound are shown in 
Figure 12. HCTZ showed three characteristic diffractogram 
peaks, including two small peaks at about 17 and 28.5 º2θ 
and a sharp diffractogram peak at about 19 º2θ, which were 
the same as previously reported by Johnson et al. (2007)33. It 
was reported that there were two existing HCTZ polymorphs 
but only form I was in the commercial.33 PRN displayed many 
diffractogram peaks from 8 to 30 º2θ of which most indicated 
crystalline form II of PRN.34 Poloxamer displayed two 
characteristic peaks at 19 and 23 º2θ that exhibited the same 
diffractogram with the previously reported result.35 There was 
no report of SHW’s PXRD characterization yet. It showed two 
dominant characteristic peaks at 21 and 23 º2θ. In the case 
of the mixed base, it still showed characteristic peaks of 
poloxamer and SHW at 19, 21 and 23 º2θ. The DSC 
thermograms showed a significant change in both the PM and 
MS of HCTZ in poloxamer and mixed based. Therefore, PXRD 
analysis was used to confirm the interaction between HCTZ 
and bases and identify the crystalline behavior of the system. 
The PM of 10% HCTZ in poloxamer and mixed base revealed 
a different characteristic of HCTZ peak. Only the drug 

characteristic peak at 17 º2θ was found when 10% HCTZ was 
mixed in poloxamer (Figure 13A), unlike the systems in which 
this drug was mixed with mixed base, the drug’s peaks at 17 
and 28.5 º2θ could be observed (Figure 14A). However, the 
increasing content of HCTZ showed a greater characteristic 
drug peak. Therefore, both peaks at 17 and 28.5 º2θ were 
clearly observed when the content of HCTZ in PM formulation 
was more than 20% in all formulas. Moreover, the peak at 19 
º2θ also increased as the content of HCTZ increased. For MS 
of HCTZ in poloxamer and mixed base, a halo pattern was 
observed when 10% HCT was incorporated in poloxamer 
(Figure 14F). In the case of mixed base, the small drug peak 
at 17 º2θ disappeared in the 10% HCTZ incorporated system, 
but the peak at 28.5 º2θ was still evident (Figure 14F). The 
diffractograms of mixed base PM and MS showed a different 
pattern. The heating method may be able to promote the 
interaction between poloxamer and some components of 
SHW resulting in a little decrement of poloxamer content and 
a change of broad peak of SHW (Figure 14). The PXRD 
results confirmed the DSC and HSM results that HCTZ could 
disperse as a particulate form in the poloxamer. The halo 
pattern and the absence of a drug peak obtained from a low 
amount (10%) of HCTZ in poloxamer for both PM and MS 

 

PRN Crystal 
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indicated the solid dispersion as previously discussed in DSC 
results. The halo pattern indicated the amorphous form of the 
drug compound dispersed in the bases. The halo pattern of 

the meloxicam PXRD diffractogram of this drug dispersed in 
poloxamer 188 has been reported.36  

 
 

 
 

 Figure 12  PXRD diffractograms of HCTZ, PRN, Poloxamer, SHW and mixed base. 
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 Figure 13  PXRD diffractograms for PM of 10% (A), 20% (B), 30% (C), 40% (D) and 50% (E) HCTZ in poloxamer and MS of 
10% (F), 20% (G), 30% (H), 40% (I) and 50% (J) HCTZ in poloxamer. 
 

 
 

 Figure 14  PXRD diffractograms of PM of 10% (A), 20% (B), 30% (C), 40% (D) and 50% (E) HCTZ in mixed base and MS 
of 10% (F), 20% (G), 30% (H), 40% (I) and 50% (J) HCTZ in mixed base.  
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4. The intermolecular interaction study of each compound 
in matrix using Fourier transform-infrared spectroscopy 
(FT-IR) 

The FT-IR spectra of each pure compound are shown in 
Fig. 15. The HCTZ spectra showed N-H stretching of amine 
group at about 3362.7 cm-1. The characteristic peaks of HCTZ 
were at 1604 cm-1 referring to the C-C stretching of aromatic 
ring and the 742 cm-1 which was the bending mode vibration 
of NH and NH2 group, respectively. Spectra of poloxamer 
showed the C-H stretching of aliphatic chain at 2887.0 cm-1 
and there were the characteristic peaks at 1353.3 and 1111.3 
cm-1 which were O-H bending in plane and C-O stretching, 
respectively. FT-IR spectrum of SHW revealed the stretching 
vibration of CH3 and CH2 at 2920.0 and 2848.0 cm-1, 
respectively. The peaks found at 1467.5, 1173.0 and 1244.2 
cm-1 referred to stretching vibration of C=O, C=C and twisting 
vibration of CH2, respectively. The DSC thermograms and 
PXRD diffractograms exhibited a significant change in both 

the PM and MS of 10% HCTZ in poloxamer and mixed based. 
Therefore, FT-IR technique was used to confirm the 
interaction between HCTZ and bases in matrix.  To observe 
the interaction between HCTZ and bases, the spectra of HCTZ 
at wavenumber 1604 cm-1 was selected as the characteristic 
drug peak. This peak is presented in the square marker of 
HCTZ’s spectra in Fig. 15 and 16. The other peaks of HCTZ‘s 
spectra were disturbed with the base peaks. Although the 
peak at wavenumber higher than 2000 cm-1 seemed to be 
more appropriate as characteristic drug peak they were 
overlaid by poloxamer or SHW broad peak at wave number 
range of 3400-3500 cm-1. Moreover, the loaded drug sample 
exhibited the lower %Transmittance of drug peak hence it 
could not observe the peak clearly at these ranges. The PM 
and MS of 10 % HCTZ in poloxamer, SHW and mixed base 
are shown in Fig. 16. Both PM and MS samples of HCTZ in 
poloxamer, SHW or mixed base could be observed a small 
characteristic drug peak therefore it might state that there was 
no chemical interaction between HCTZ and all bases. 

 

 
 
 Figure 15  The FT-IR spectra of HCTZ, poloxamer, SHW and mixed base.  
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 Figure 16  The FT-IR spectra of PM and MS of 10% HCTZ in poloxamer, SHW and mixed base.  

 
Conclusion 

The thermal properties of PRN and HCTZ, which are 
model drugs incorporated in SHW, poloxamer and mixed 
base, were investigated with TGA, DSC and HSM.  The 
thermogram from TGA clearly exhibited that model drug and 
the other compound did not degrade at the preparation 
temperature which was 80 ºC. For thermal analysis with DSC, 
the results did not indicate any interaction between PRN and 
the other bases (poloxamer and SHW) , but the absence of 
HCTZ peak was observed in DSC thermogram of a low 
content (10% w/w) HCTZ when mixed together with poloxamer 
for both PM and MS.  This phenomenon might be described 
by the solid dispersion which usually occurred when the 

hydrophobic drug was mixed with the hydrophilic polymer. 
This result was similar with the thermal behavior of each 
compound as observed by HSM.  In addition, mixed base 
fabricated with a heating method showed one new 
endothermic peak which indicated an interaction between 
poloxamer and SHW. The crystallinity behavior of these matrix 
systems confirmed the results of DSC and HSM to signify that 
HCTZ dispersed as crystalline particulate in the poloxamer. In 
addition, FT- IR technique was used to confirm the 
intermolecular interaction between model drugs and bases 
especially 10% w/w of HCTZ incorporated in poloxamer and 
mixed base which exhibited significant alterations in DSC 
thermogram and PXRD diffractogram.  The FT- IR spectra 
showed no chemical interaction between HCTZ and all bases. 
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Understanding the thermal and crystallinity behaviors of these 
two drug compounds in physical mixtures and molten samples 
of shellac wax-poloxamer is useful for developing the matrix 
tablet using these bases as the matrix formers. 
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