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ABSTRACT
Liquids eutectics were obtained from the specific ratio of menthol (M) and camphor
(C) or borneol (B) or cyclohexane carboxamide (WS-3; W). The 5:5 M:C was selected as green
solvent for dissolving the drug in this research work. The eutectic point and eutectic temperature
of M:C eutectic system were 5:5 and -1.17qC, respectively. According to FTIR, the hydroxyl
group of menthol formed hydrogen bond with the carboxyl group of camphor. The sublimation
rate of menthol, camphor or evaporation rate of eutectic solvent increased as the temperature
increased which camphor exhibited the highest evaporation rate. The solubility of ibuprofen in
selected eutectic solvent was higher than that in water for 200 folds. The ibuprofen formed into
the eutectic mixture with eutectic solvent without the chemical reaction and the thermal
degradation of ibuprofen was not changed in eutectic solvent. The 30% w/w ibuprofen eutectic
solution was used as internal phase using tween80 as emulsifier and water as external phase for
the ibuprofen eutectic emulsion which exhibited the nanometer size droplet. The eutectic
solvent was completely removed from the eutectic emulsion and succeeded for the ibuprofen
suspension formation. The particle size of ibuprofen suspension decreased as the concentration
of tween80 and viscosity of external phase increased. The zeta potential of ibuprofen
suspension decreased owing to the adsorption of tween80 on the particle surface while the zeta
potential increased with xanthan gum concentration dependence. The ibuprofen
nanosuspension was prepared using eutectic emulsion solvent evaporation and ultrasonication.
The application of eutectic solvent for ibuprofen nanosuspension preparation was successful.
The particle size of ibuprofen nanosuspension which was prepared by this combination
technique was smaller than the individual technique. Moreover, this selected eutectic solvent
could be used for azithromycin nanosuspension preparation with the above mentioned
technique. The amount of menthol and camphor individually decreased during preparation with
different rate. During evaporation process the concentration of ibuprofen in an internal droplet
was become the supersaturation level, however, the crystallization was not instantly occurred
due to the low Tg of ibuprofen. There was no crystallization of ibuprofen on the cooling step of
DSC experiment. The mechanical force of mixing when the water was added to adjust the final
volume provoked the crystallization. The dewetting value of ibuprofen crystal indicated that
the crystallization was generated in the droplet and grown up by Ostwald ripening. The addition
of xanthan gum increased the environmental viscosity and zeta potential for attaining the stable
nanosuspension. Particle size and zeta potential of a developed ibuprofen nanosuspension was
330.87 nm and -31.1 mV, respectively. The formulated ibuprofen nanosuspension exhibited the
fast drug dissolution with 87.82% drug release within 1 min. The transformation of emulsion
into nanosuspension of ibuprofen was the supersaturation mechanism which the crystallization
was obtained in the internal droplet follow by the Ostwald ripening. Then the solid particles
were broken down into the nanosuspension by ultrasonication. Therefore combination of
eutectic emulsion solvent evaporation method with ultrasonication was successful for
fabricating an ibuprofen nanosuspension and its transformation mechanistic was attained.
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THAI ABSTRACT
ระบบยูเทกติกของเมนทอลกับการบูรหรื อพิมเสนหรื อไซโคลเฮกเซนคาร์ บอกซาไมด์ (ดับเบิลยูเอส 3) เป็ นระบบยูเทกติกเหลวทีมี
อัตราส่ วนจําเพาะของแต่ละคู่สาร โดยระบบยูเทกติกเหลวที เลื อกใช้เป็ นตัวทําละลายยูเทกติ กคื อระบบของเมนทอลกับการบูรที
อัตราส่ วน 5:5 ซึ งเป็ นจุดยูเทกติกและมีอุณหภูมิยเู ทกติกที -1.17 องศาเซลเซี ยส จากการศึกษาด้วยอินฟราเรดสเปกโทรสโกปี พบว่า
หมู่ไฮดรอกซี ลของเมนทอลเกิดพันธะไฮโดนเจนกับหมู่คาร์ บอนิ ลของพิมเสน การระเหิ ดของเมนทอลและการบูร หรื อการระเหย
ของตัวทําละลายยูเทกติกเพิมขึนตามอุณหภูมิ โดยการบูรมีอตั ราการระเหิ ดทีสู งทีสุ ด ตัวทําละลายยูเทกติกละลายยาไอบูโปรเฟนได้
ในปริ มาณทีสู งกว่ายานี ในนําประมาณ 200 เท่า โดยยาไอบูโปรเฟนสามารถเกิดเป็ นระบบยูเทกติกกับตัวทําละลายยูเทกติกได้โดยไม่
เกิดปฏิกิริยาเคมีต่อกัน สารละลายไอบูโปรเฟนในตัวทําละลายยูเทกติกทีความเข้มข้น 30% โดยนําหนักสามารถใช้เป็ นวัฏภาคภายใน
ํ นวัฏภาคภายนอก ตัวทําละลายยูเทกติกนี
ในการเตรี ยมเป็ นอิมลั ชันขนาดนาโนเมตรได้ โดยมีทวีน 80 เป็ นสารก่ออิมลั ชันและมีนาเป็
สามารถระเหยออกจากอิมลั ชันและทําให้ได้ยาแขวนตะกอน ขนาดอนุภาคไอบูโปรเฟนแขวนตะกอนมีขนาดเล็กลงเมือปริ มาณทวีน
80 และความหนื ดของวัฏภาคภายนอกเพิมขึน ประจุทีพืนผิวของยาไอบูโปรเฟนแขวนตะกอนลดลงจากการดูดซับของทวีน 80 ที
พืนผิวเพิมขึน ขณะทีเพิมขึนตามปริ มาณของแซนแทนกัม ยาไอบูโปรเฟนแขวนตะกอนขนาดนาโนเมตรทีเตรี ยมโดยเทคนิ คการ
ระเหยตัวทําละลายออกจากยูเทกติกอิ มลั ชันร่ วมกับคลื นเสี ยงความถี สู งมีขนาดเล็กกว่าการเตรี ยมด้วยเทคนิ คอย่างใดอย่า งหนึ ง
ดังกล่าว และสามารถใช้ตวั ทําละลายยูเทกติกและเทคนิ คร่ วมนี ในการเตรี ยมยาอะซิ โทรมัยซิ นแขวนตะกอนขนาดนาโนเมตรได้อีก
ด้วย พบว่าเมนทอลและการบูรมีอตั ราการระเหยออกจากอิมลั ชันด้วยอัตราเร็ วทีแตกต่างกัน และในระหว่างกระบวนการระเหยความ
เข้มข้นของไอบูโปรเฟนในหยดวัฏภาคภายในเพิ มสู งขึ นจนถึ งระดับ อิ มตัวยิงยวด แต่การก่ อตัวเป็ นผลึ กของไอบูโปรเฟนยังไม่
เกิดขึนทันทีเนื องจากไอบูโปรเฟนมีอุณหภูมิการเปลียนสถานะคล้ายแก้วทีตํามาก ซึงจากการตรวจวัดการเปลียนแปลงคุณสมบัติของ
สารโดยอาศัยการวัดสมบัติเชิงความร้อนไม่พบพีคการตกผลึกของไอบูโปรเฟนในระหว่างการลดอุณหภูมิลง การตกผลึกของไอบูโป
รเฟนเกิ ดขึนระหว่างการปรับปริ มาตร ซึ งเกิ ดจากแรงจากภายนอกทีเข้าไปในระบบและกระตุน้ ให้เกิ ดการก่อผลึ กโดยการเกิ ดผลึก
ดังกล่าวเกิ ดขึนในหยดวัฏภาคภายในและการโตของผลึกเกิดจากปรากฏการณ์ออสวาร์ ดริ พเพ็นนิ ง การเติมแซนแทนกัมในยาแขวน
ตะกอนขนาดนาโนเมตรสามารถเพิมประจุทีพืนผิวของอนุภาคและเพิมความหนื ดของสู ตรตํารับทําให้ได้ยาแขวนตะกอนขนาดนา
โนเมตรทีมีความคงตัวทางกายภาพสู ง ยาไอบูโปรเฟนแขวนตะกอนขนาดนาโนเมตรทีพัฒนาสู ตรตํารับแล้วมีอนุภาคขนาด 330.87
นาโนเมตรและมีประจุทีพืนผิวเท่ากับ -31.1 มิลลิโวลต์ โดยมีการละลายของยาจากตํารับอย่างรวดเร็ วในปริ มาณ 87.82% ภายใน 1
นาที โดยกลไกการเปลียนแปลงจากยูเทกติกอิมลั ชันเป็ นยาแขวนตะกอนขนาดนาโนเมตรโดยเทคนิ คการระเหยตัวทําละลายออกจาก
อิมลั ชันร่ วมกับการใช้คลื นเสี ยงความถี สู งคือการเกิ ดตกผลึกของยาไอบูโปรเฟนจากความเข้มข้นทีอิมตัวยิงยวด โดยเกิ ดขึนภายใน
หยดวัฏภาคภายในและมีการโตของผลึกทีเกิดขึนจากปรากฏการณ์ออสวาร์ดริ พเพ็นนิ งและถูกลดขนาดอนุภาคลงด้วยคลืนความถี สู ง
จนได้ยาไอบูโปรเฟนแขวนตะกอนขนาดนาโนเมตร เทคนิ คการระเหยตัวทําละลายออกจากอิมลั ชันร่ วมกับการใช้คลืนเสี ยงความถี
สู งประสบความสําเร็ จในการใช้เพือเตรี ยมยาไอบูโปรเฟนแขวนตะกอนขนาดนาโนเมตร ซึ งทราบถึงกลไกการเปลียนแปลงยาจาก
อิมลั ชันยูเทกติกสู่ ยาแขวนตะกอนขนาดนาโนเมตร
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Chapter 1
Introduction
1. Statement and significance of the research problem
Biopharmaceutics classification system (BCS) indicates the active
pharmaceutical ingredients (API) into four classes. Class I is the high solubility and
permeability drugs. Class II is the low solubility but the high permeability drugs. Class III is
the high solubility but the low permeability drugs and class IV is the low solubility and the
low permeability drugs, there are pharmaceutical bricks which will never make them to the
market. The class II drugs such as ibuprofen, fenofibrate (Vizzotti, 2013), and indomethacin
(Yadav and Yadav, 2009) demonstrate a poor bioavailability because of their low solubility
property since the improvement of drug solubility or dissolution velocity could increase the
bioavailability (Kakran et al., 2010). Nanosizing is one of the methods that could improve the
solubility or dissolution velocity by size reduction into the nanometer range which is able to
increase drug dissolution velocity (Kesisoglou et al., 2007) because of the increment of
surface area. Moreover, the saturation solubility is also increased. One of the nanosize
formula is nanosuspension which is a nanometer (less than 1000 nm) colloidal dispersion of
solid particles stabilized by surfactants or polymers (Chingunpituk, 2007).
Preparation techniques of nanosuspension are classified into 2 categories
which are the top-down techniques and the bottom-up techniques. The top-down
techniques are particle size reduction (Verma et al., 2009) by mechanical forces. The
bottom-up techniques are divided into 2 major techniques which are precipitation
techniques and emulsion template techniques. These techniques are the creation of the
nanometer particles from a solution or a molecular stage of drugs. For the precipitation
techniques, the anti-solvents are used to induce the precipitation.
The emulsion template techniques, drugs are prepared in the liquid state as
internal phase of emulsions and transformed into nanometer particles. These techniques
are divided into 2 methods. First method is the emulsion solvent extraction or
evaporation method. The drugs are solubilized in the volatile organic solvent which is
partially water miscible or water immiscible as internal phase of emulsions. Then an
organic solvent is diffused and evaporated from the emulsions and the droplets were
transformed into the solid particles (Dolenc et al., 2009; Pignatello et al., 2006). The
melt emulsification method, drug powders are dispersed in the aqueous solution of
stabilizer and heated above the melting point of the drug and homogenized to prepare
emulsions, then cooled down the emulsions to induce the transformation of the melted
droplets into solid particles.
The ultrasonication is used as combination technique for developing the
nanosuspension preparation. The sonoprecipitation method, an ultrasonic was applied
during precipitation process for isradipine nanosusepsnsion which was prepared by
anti-solvent precipitation with ultrasonic liquid processor (Thao et al., 2014). Acyclovir
nanosuspension was obtained by emulsion solvent diffusion technique. Pseudo-emulsion
was prepared by propeller stirrer then ultrasonicator was applied (Dandagi et al., 2009).
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The mechanistic of transformation process of emulsion solvent evaporation
method is progressive evaporation of the drug’s solvent in emulsion droplets lead to
supersaturation of the drug and involves the crystallization which comprises nucleation
and crystal growth processes that impact to the particle size. The interfacial tension,
diffusion coefficient, concentration and saturated concentration of drugs are the major
parameters of this process which be described by the classical nucleation and crystal
growth theory (McClements, 2012). The crystallization by supersaturation in emulsion
solvent evaporation method could be occurred in both of internal droplet and external
phase depend on the dewetting property of drug crystal. After the crystallization,
Ostwald ripening is occurred. Investigation of the factors which affect to crystallization
can apply for optimizing the formulation to obtain the nanosuspensions which have the
nanometer size particles with good stability.
The eutectic system is the mixture of two or more compounds which
suppress the melting point of each compound since the total entropy of system increases
(Bi et al., 2003; Woolfson et al., 2000). The eutectic systems have been applied in many
proposes for the pharmaceutical field such as the increase of drug solubility, permeation
and absorption (Lazerges et al., 2010; Yong et al., 2004; Stott et al., 2001, 1998;). It
can be applied as oil phase in emulsions (Nazzal et al., 2002; Wahlgren and Quiding,
2000) and uses as deep eutectic solvent (Dudognon et al.) (Domınguez de Marıa and
Maugeri, 2011; Lindberg et al., 2010; Miller, 2009; Morrison et al., 2009). Menthol has
generally been used as a eutectic component exhibiting pharmaceutical actions such as
local anesthetic, pain reliever, antipuritic, antiflatulent (Patel et al., 2007) and
antimicrobials (Al-Bayati, 2009). Moreover, menthol is a permeation enhancer.
Menthol can form the liquid eutectic at room temperature with many sublimate
compounds such as camphor and borneol (Tuntarawongsa and Phaechamud, 2012).
Hence the liquid eutectic consists of menthol and other sublimate compounds has the
potential ability to apply for nanosuspension preparation by emulsion solvent
evaporation method. On evaporation process, the composition of internal droplet
continuously changes that affects the drug properties and crystallization. Tween 80 is
the most of used for stabilization of nanosuspension. Nanosuspension fabricated using
tween 80 as stabilizer exhibited the smallest and it was stable (Thadkala et al., 2014;
Vizzotti, 2013; Salim et al., 2011; Kocbek, 2006). The eutectic emulsion transformation
into nanosuspension is the new application of eutectic system and not reported by any
researcher.
The aim of this work was to develop the nanosuspension from eutectic
emulsion. The liquid eutectic system was applied as oil phase in the oil in water
emulsion and evaporated to transform into nanosuspension. The factors affected to
nanosuspension properties such as emulsifier concentration, drug concentration, phase
ratio of eutectic emulsion and viscosity of medium were studied. The crystallization
was investigated to describe the process of transformation which affected the
nanosuspension properties. Finally, the physicochemical properties of nanosuspension
(particle size, zeta potential, crystallinity, functional group, thermal behaviors,
solubility, dissolution profile and stability) were investigated.
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2. Objectives
1. To develop the nanosuspension from eutectic emulsion.
2. To investigate the influence of transformation factors such as amount of
emulsifier, phase ratio, nucleation and crystal growth process (viscosity of medium and
drug concentration on duration process) which influence on particle size and zeta
potential.
3. To characterize the nanosuspension prepared from eutectic emulsion
such as physicochemical properties, dissolution and stability.
4. To study the mechanistic of transformation from eutectic emulsion to
nanosuspension.
3. Hypothesis
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1. Drug loaded in liquid eutectic from mixture of sublimate substances
could be used as oil phase to prepare the volatile eutectic emulsion and could transform
into nanosuspension.
2. Transformation factors such as amount of emulsifier, phase ratio,
nucleation and crystal growth process (viscosity of medium and drug concentration)
influenced on particle size and drug crystal properties of nanosuspension.
3. Nanosuspension from eutectic emulsion exhibited the better disolution
and stability than raw material and conventional suspension.
4. Evaporation of eutectic solvent induced the crystallization which
occurred in the emulsion droplets and transformed into the particles.

CHAPTER 2
LITERATURE REVIEW
1. Preparation of nanosuspension
Biopharmaceutics classification system (BCS) divides the active
pharmaceutical ingredients (API) into four classes respect to their aqueous solubility
and intestinal permeability. Class I is the high bioavailability drugs. Class IV is the low
solubility and the low permeability drugs that are the pharmaceutical bricks which will
never make them to the market. Class II and Class III are the poor bioavailability
because of their low solubility and their low permeability, respectively. The class II
drug candidates are successfully improved bioavailability by improving the aqueous
solubility or the dissolution velocity (Kakran et al., 2010). The nanosizing technique is
able to increase the solubility and the dissolution rate (Kesisoglou et al., 2007). When
the particle size decreases, the surface area increases therefore the dissolution velocity
increases. Furthermore, the saturation solubility increases as well. One of the nanometer
scale formulation is the nanosuspension which is a submicron colloidal dispersion of
solid particles stabilize by surfactants or polymers. A pharmaceutical nanosuspension
is the finely dispersed solid API particles in an aqueous vehicle for either oral and
topical use or parenteral administration but not included the solid matrix nanoparticles
dispersion. The particle size of the solid particles in the nanosuspension is usually less
than one micron with an average particle size range between 10 and 1,000 nm (Papdiwal
et al., 2014; Chingunpituk, 2007). The nanosuspension is one of the successful
techniques which enhance the dissolution and bioavailability of drug delivery system.
The dissolution rates of atorvastatin (Arunkumar et al., 2009) nanosuspension highly
increased in comparison with commercial drug. The felodipine nanosuspension
enhanced drug dissolution which led to enhance the oral bioavailability (Sahu and Das,
2014). The acyclovir polymeric nanosuspension was able to prolong the drug release
and increase the bioavailability of ocular delivery system (Dandagi et al., 2009).
The preparations of nanosuspension are classified into 2 categories that are
the bottom-up techniques and the top-down techniques. The bottom-up techniques are
the creation of solid particles which size is nanometer from the solution state or
molecular state of the drugs. The bottom-up techniques are divided into 2 major
techniques including precipitation techniques (Chan and Kwok, 2011) and emulsion
template techniques (Lakshmi and Kumar, 2010). The top-down techniques are the
particle size reduction manner. The drug particles are broken down into the smaller
particles (Verma et al., 2009).
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1.1. The bottom-up processes
The solid particles crystallize from the solution state or molecular state of
drugs into the nanometer size particles. The bottom-up techniques are divided into 2
major techniques which are precipitation techniques (Chan and Kwok, 2011) and
emulsion template techniques (Lakshmi and Kumar, 2010). The various precipitation
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techniques were used such as anti-solvent precipitation, hydrosol techniques,
microfluidic reactors method, high-gravity controlled precipitation (HGCP), confined
liquid impinging jets (CLIJ), multi-inlet vortex mixer (MIVM), supercritical fluid
(SCF) technology and sonoprecipitation. For the emulsion template techniques, the
liquid state of drugs is prepared as internal phase of emulsion and then is transformed
into the nanoparticles.
1.1.1. Precipitation techniques
The basic principle is solubility change of drug in the solvent by adding
the anti-solvent to activate the nucleation and growth to solid particles. Precipitation
consists of several main steps which are chemical reaction (and the subsequent
supersaturation), nucleation, solute diffusion and particle growth (Chan and Kwok,
2011). The advantages of this techniques are simple process, low cost and easy to scale
up but high amount of organic solvents are used that are difficult to completely remove
and various unstable polymorphs are generated (Chan and Kwok, 2011; Verma et al.,
2009; Chingunpituk, 2007).
The most simply method of the precipitation techniques is the antisolvent method comprising drugs, stabilizers (polymers or surfactant), organic solvents
as the solvents of drugs which are miscible with the anti-solvent such as ethanol,
isopropanol or acetone as the solvents and the anti-solvent usually is water (Chan and
Kwok, 2011). The drug solution in organic solvent is mixed with stabilizer solution in
anti-solvent then stirred until the solid particles form in beaker by magnetic stirrer or
mixer (Gao et al., 2011; Pignatello et al., 2006). Not only water that was used as antisolvent, the organic solvents were able to be used as anti-solvent. Ethanol and hexane
could be used as solvent and anti-solvent, respectively. This method was called the
evaporative precipitation of nanosuspension (EPN) method which the product was
prepared as solid nanoparticles that was redispersible into nanosuspension (Kakran et
al., 2010).
The modified precipitation techniques were investigated. For the
sonoprecipitation method, an ultrasonication was applied during precipitation process
(Thao et al., 2014; Chan and Kwok, 2011; Verma et al., 2009; Zhang et al., 2006). The
cavi-precipitation method, an air pressure was applied during precipitation process
(Sinha et al., 2013). The working principle is creation of cavitation force by creation of
bubbles following by collapses which releases shock waves along with temperature and
pressure changes for nucleation. The induction time of sonoprecipitation method was
significantly reduced. Ultrasonic waves could also reduce the supersaturation level
required for nucleation. The effect is ascribed to the heat supplied by the ultrasound
which opposes the cooling effect resulting from nucleation, together with better heat
exchange caused by ultrasound-induced mixing (Chan and Kwok, 2011). Other
combination techniques were the nanoedge technology which the precipitation
following with high pressure homogenization (HPH) (Hu et al., 2014; Lakshmi and
Kumar, 2010) and the precipitation-lyophilization-homogenization technique was
applied the HPH for the redispersed of lyophilized nanosupension which prepared by
precipitation technique (Morakul et al., 2013).
The efficiency of precipitation techniques were improved by use of the
special equipment such as the microfluidics reactor which involved fluid in small scale
channels (micro) devices. The streams of miscible fluids (drug solution and anti-solent)
moving through microchannels flow in parallel, without turbulence and mixing will
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occur as a result of diffusion of molecules across the interface between fluids layer. The
nucleation and growth were occurred in the small scale thus the particles are very fine
particles. For the confined liquid impinging jets (CLIJ) and the multi-inlet vortex mixer
(MIVM), the precipitation occurred in a region of extreme turbulence and intense
mixing which are created by a jet of drug solution impinging a jet of anti-solvent in a
small chamber. The high-gravity controlled precipitation (HGCP) is one of the most
promising nanoprecipitation techniques available at the commercial production scale
because of an efficient and cost-effective method. On the HGCP process, the reactants
(drug solution and anti-solvent) were fed into the center of rotating packed bed (RPB)
then spreading and splitting into thin films, threads and very fine droplets under the
high shear created by the high gravity due to centrifugal force which improving the
mixing efficacy (Chan and Kwok, 2011).
The supercritical fluid (SCF) technology is the green technology which
carbon dioxide is used as green solvent. The properties of this SCF are low density and
viscosity along with high diffusivity that able to use as solvent or anti-solvent up to
drug properties. The SCF technology for nanosuspension preparation is divided in 2
methods as rapid expansion of supercritical solution (RESS) and supercritical antisolvent (SAS) process. The RESS process, SCF of carbon dioxide was used as solvent.
In the product chamber SCF quickly expanded and evaporated in ambient conditions.
The drug precipitated due to SCF removal. On the other hand, the SAS process, SCF
of carbon dioxide was used as anti-solvent. The product of SAS process was the solid
nanoparticles which could redisperse into nanosuspensions (Chan and Kwok, 2011;
Lakshmi and Kumar, 2010).
1.1.2. Emulsion template techniques
The liquid state of drug is used as internal phase and transformed into
solid particles. These techniques are divided into 2 methods which are the emulsion
solvent extraction or evaporation method and the melt emulsification method (Lakshmi
and Kumar, 2010). The advantages of these techniques are the high drug solubilization,
long shelf life, ease of manufacture and ease of control particle size but the use of high
amount of surfactant and stabilizer should be consider (Chingunpituk, 2007).
1.1.2.1. Emulsion solvent extraction or evaporation method
The use of emulsion solvent extraction or evaporation method is
applicable for the drugs that are soluble in either volatile organic solvent or partially
waterǦmiscible solvent. The organic solvents are used as the internal phase of the
emulsion. The organic solution of the drug is dispersed in the external phase (water was
generally used) containing suitable surfactants. Then emulsions is diluted with external
phase and homogenized to diffuse or extract the organic solvent out of droplets and
convert the droplets into a solid particles (Lakshmi and Kumar, 2010; Dolenc et al.,
2009; R Pignatello et al., 2006). It is possible to control the particle size of the
nanosuspension by controlling the size of the emulsion. Optimizing the surfactant
composition increases the intake of organic phase and ultimately the drug loading in
the emulsion. The combination of emulsion solvent evaporation (diffusion) method
with a ultrasonication was reported (Dandagi et al., 2009). However, the environmental
hazards and human safety should be concerned from the residual solvents (Lakshmi
and Kumar, 2010).
The ibuprofen nanosuspension which particle size of 300 nm and
zeta potential of -4.3 mV was prepared by emulsion solvent evaporation method. The
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7
ibuprofen and polylactic acid were dissolved in ethyl acetate as internal phase and
poloxamer was used as stabilizer (Reis et al., 2013). The diclofenac sodium
nanosuspension was prepared by emulsion solvent evaporation with ultrasonication
method. Internal phase was diclofenac sodium and eudragit® RS 100 in ethanol.
External phase was water. Tween 80 was used as stabilizer. The particle size and zeta
potential of nanosuspension decreased as concentration of tween80 increased. When
the sonication time increased, the particle size decreased (Swamy et al., 2013).
1.1.2.2. Melt emulsification method
In this method the drug is dispersed in the aqueous solution of
stabilizer then heating above the melting point of the drug and homogenizes to obtain
an emulsion. During this process, the sample holder is enwrapped with a heating tape
fitted with temperature controller and the temperature of emulsion is maintained above
the melting point of the drug then the emulsion is cooled down either slowly to room
temperature or on an iceǦbath. The main advantage of melt emulsification technique
relative to the solvent diffusion method is the total avoidance for using organic solvents
during the production process (Lakshmi and Kumar, 2010). This technique is suitable
for the drug which low melting point. The ibuprofen nanosuspension which particle
size in range of 200 to 400 nm was prepared by simple melt emulsification method
(Kocbek, 2006). The fenofibrate nanosuspension which particle size less than 600 nm
was prepared using melt emulsification with ultrasonication method. The smaller
particle size and good stability of fenofibrate nanosuspension was obtained when the
ultrasonication was used during crystallization (Vizzotti, 2013).
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1.2. The top-down processes
The principle of this technique is size reduction from suspension to
nanosuspension. Suspension is prepared and decreased the particle size to nanometer
scale with mechanical forces (Verma et al., 2009). The advantage of this process is the
avoidance of using an organic solvent but the process generates more heat and
mechanical force that change the surface properties of API and longtime consumption.
The high pressure homogenization (HPH) is method which generates the
cavitation forces to convert the microparticles to nanoparticles using high pressure. The
limitation of this method are solid macro particle must be dispersed in the medium
before homogenization, generation of heat in process and many cycles should be
conduct. The HPH method does not use an organic solvent and ease to control particle
size by control number of cycle (Chingunpituk, 2007). Due to heat generation of this
process some researcher performed the process at control temperature by using the
circulating water bath (Gao et al., 2011; Verma et al., 2009) or ethanol bath system
(Gao et al., 2011). For the nanojet technology, the stream of suspension in two or more
direction was injected with high pressure generating the turbulence flow and crash of
particles which led to the reduction of particle size (Lakshmi and Kumar, 2010).
Additionally, there was the use of the laser beam to minimize the particle such as the
laser fragmentation method. The particles were dispersed in the aqueous media and then
the laser beam was focused by lens and irradiated to the suspension. In laser ablation, a
solid target is irradiated and the ejected material forms into the nanoparticles in the
surrounding liquid. However, the degradation induced by the laser process of the drug
is primarily oxidative in nature. The in vitro dissolution and in vivo bioavailability of
nanosuspension which prepared by laser fragmentation method were similar to those
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obtained with the nanosuspension prepared by media milling, and significantly
improves compared to the coarse drug powder. This laser nanonization method has
potential to be used for the preclinical evaluation of new drug candidates (Sylvestre et
al., 2011).
The milling or grinding methods could use as the nanosuspension
preparation techniques. The media milling, zirconiumoxide beads (Nakarani et al.,
2010) or yttrium-stabilized zirconium oxide beads (Singh et al., 2011; Cerdeira et al.,
2010) are used as milling media. High energy and shear forces generate as a result of
impaction of the milling media with the particle providing the necessary energy input
to disintegrate the drug particles into the nanometer size particles. The major concern
with this method is the residues of wells or milling media remaining in the finished
product could be problematic for administration (Lakshmi and Kumar, 2010).
Moreover, an incomplete recovery of the drug from the milling media and inner milling
chamber due to adhesion to the surfaces could reduce the amount of the compound
available for further experiments (Sylvestre et al., 2011). The dry milling or dry cogrinding techniques are the one of the successful work in preparing the stable
nanosuspensions. The poorly soluble drugs are grounded with the polymers and the
copolymers such as polyvinylpyrrolidone (PVP), sodium dodecylsulfate (SDS),
polyethylene glycol (PEG), hydroxypropyl methylcellulose (HPMC) and cyclodextrin
derivatives. Physicochemical properties and dissolution of poorly water soluble drugs
are improved by co-grinding because of an improvement in the surface polarity and
transformation from a crystalline to an amorphous drug. Dry co-grinding can be carried
out easily and economically and can be conducted without organic solvents. The cogrinding technique can reduce particles to the submicron level and a stable amorphous
solid can be obtained (Lakshmi and Kumar, 2010).
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1.3. Combination of ultrasonication techniques
One of the combination techniques which was successful for
nanosuspension preparation was ultrasonication such as the sonoprecipitation method,
an ultrasonication was applied during precipitation process. The 50 nm isradipine
nanosuspension was attained by anti-solvent precipitation with ultrasonic liquid
processor using polyethylene oxide (PEO) and hydroxypropyl methylcellulose
(HPMC) as stablilizer (Thao et al., 2014). Acyclovir and eudragit® RS 100 in ethanol
as internal phase was transformed into nanosuspension by emulsion solvent diffusion
and ultrasonication (Dandagi et al., 2009). The particle size decreased as power input
or % amplitude and ultrasonication time increased (Vizzotti, 2013; Liu et al., 2012).
2. Characterization of nanosuspension
2.1. Particle size
The nanosuspension is the dispersion system of the solid particle in the
dispersion medium which particle size in rage of 10 and 1,000 nm (Dandagi et al., 2009;
Chingunpituk, 2007). Particle size of nanosuspension critically determines the
nanosuspension properties which are dissolution velocity and saturation solubility
(Yadollahi et al., 2014; Shegokar and Müller, 2010; Patravale et al., 2004).
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The Noyes Whitney dissolution equation is modified by Nernst–Brunner
and Levich. The dissolution velocity of the nanosuspension increases as the surface
area of the particles increases as shown in equation 1. When the surface area (A)
increases the dissolution velocity increases (Patravale et al., 2004).
ୢଡ଼
ୢ୲

When

ୈ

ଡ଼

= ሺ ୦ )(ୱ െ  )

[1]

ୢଡ଼

is dissolution velocity.
D is diffusion coefficient.
A is surface area.
h is diffusional distance.
Cs is saturation solubility of the drug.
X is concentration in the surrounding liquid.
V is volume of the dissolution medium.
ୢ୲
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The saturation solubility increases as the particle size is lower than 1 μm. The
Kelvin equation describes the vapor pressure of a liquid droplet in a gas phase, which
corresponds to the dissolution pressure of a solid particle in a liquid as shown in equation 2.
 ൌ  ሺ

ଶభౝ ౢǡౣ
୰ୖ

)

[2]

When

R is gas constant.
T is absolute temperature.
p and p0 are equilibrium vapor pressures above curved and flat surfaces,
respectively.
V1g is surface tension of the liquid/gas.
Vl,m is molar volume of the liquid.

The curvature of the particle is corresponding with a dissolution pressure.
The dissolution pressure increases when the curvature increases such as decreasing the
particle size. The vapor/dissolution pressure can be calculated as a function of size,
showing a steep increase below 1 μm (Shegokar and Müller, 2010). Moreover, an
increase of saturation solubility with reducing the particle size can be descripts by
Ostwald-Freundlich equation as shown in equation 3 (Yadollahi et al., 2014; Patravale
et al., 2004).
ଶJ

C(r) = C(f) exp (୰Uୖ)
When




C(r) and C(f) are solubilities of a particle of radius  ݎand infinite size.
Mis molecular weight.
ߩ is density of the particle.
ߛ is interfacial tension.
 is particle radius.
 is gas constant.
T is absolute temperature.

[3]
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2.2. Zeta potential
The zeta potential is the electric charge on a particle surface providing an
electrostatic repulsion which plays as important role to prevent the aggregation by
electrostatic mechanism. The particle size reduction increases the surface energy due
to the greater number of unstable surface molecules. Therefore, the particle aggregation
is promoted to reduce the surface energy. The recommended zeta potential for stable
nanosuspension which stabilized by electrostatic repulsion mechanism is more than ±30
mV and for nanosuspension which stabilized by combination of steric and electrostatic
mechanism is more than ±20 mV (Papdiwal et al., 2014; Singh et al., 2011). The zeta
potential is adjusted by stabilizer molecules. The stabilizer exhibiting the charge as
same as the total charge of particles can enhance the zeta potential value. On the other
hand, the stabilizer which neutral charge or exhibiting the opposite charge can reduce
the zeta potential (Singh et al., 2011). The zeta potential of diclofenac nanosuspension
was reduced as the concentration of tween 80 increased (Swamy et al., 2013).
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2.3. Crystallinity

During the preparation, high mechanical force of the top down techniques
or crystallization of the bottom up techniques can affect to the crystallinity of drug
crystal. The X-ray diffraction is the technique to investigate the crystallinity or
polymorphism of the drug crystal. Diclofenac with two different crystalline forms of
the drug (DCF1 and DCF2) was prepared the diclofenac nanosuspension using HPH.
The x-ray diffractogram indicated that DCF2 was transformed into DCF1 when the
nanosuspension was prepared by HPH while it did not effect on the DCF1 crystals (Lai
et al., 2009). Hydrocortisone nanosuspension was prepared by anti-solvent and wet
milling technique. The nanosuspension which prepared by anti-solvent technique
obtained the amorphous form of hydrocortisone while the nanosuspension which
prepared by wet milling technique obtained the crystal form. The amorphous form
exhibited more Ostwald ripening indicated more instability (Ali et al., 2011). However,
the mechanical force of preparation techniques might promotes the lattice deformation
thus determination of the polymorphic change dose not available in some case (British
pharmacopoeia (BP), 2010).
2.4. Viscosity
The viscosity of nanosuspension is the important role of physical stability.
The sedimentation and crystal growth are described by the Stroke's law and Ostwald
ripening rate equation as shown in equation 4 and 5, respectively. For the
sedimentation, the Stoke's law is used to describe as shown in equation 4 (Gerbino,
2006).
ൌ
When


ଶ୰మ ሺభ ିమ ሻ
ଽ

[4]

v is sedimentation rate.
 is particle radius.
Uͳ and U2 are density of particle and density of dispersion medium, respectively.
g is specific gravity.
K is viscosity of dispersion medium.
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The reduction of particle size can reduces the sedimentation rate as the
Stroke's law. Moreover, increase of viscosity is the one technique to obtain the stable
nanosuspension by reducing the sedimentation rate. For the Ostwald ripening rate is
described by equation 5 (Verma et al., 2011).

 ൌ
When

ସୈେಮ ౣ ஓ
ଽୖ

[5]

k is Ostwald ripening rate.
D is translational diffusion coefficient of the dissolved solute molecules.
Cf is bulk solubility of the particle.
Vm is molar volume of particle.
J is interfacial tension of particle and dispersion medium.
R is gas constant.
T is absolute temperature.

ม
ส
ด
ุ
อ
ก
ห
ลาง
ก
ั
น
ำ
ส

The bulk solubility of the particle increases as the particle size decreases as
previously described. The addition of viscosity inducing agent can reduces the Ostwald
ripening rate because the diffusion coefficient reduces as the viscosity increases.
2.5. Dissolution test
The dissolution profile of nanosuspension is generally investigated by USP
apparatus II (paddle type) as the recommended for liquid preparation dosage form in
general monograph. Usually, the prepared nanosuspension exhibits the faster release
profile than their drug powder. Zaltoprofen nanosuspension which was prepared by
precipitation method showed about 90% drug release in 50 min while drug release of
coarse suspension and drug powder were about 30% and 25% in 50 min, respectively
(Papdiwal et al., 2014). Ketoprofen nanosuspension which prepared by HPH exhibited
completely drug released in 20 min while ketoprofen powder exhibited about 70% drug
release in 20 min (Mohamad et al., 2013). The nanosuspension is the one of techniques
to enhance the dissolution of the drug as previous discussion.
2.6. Physical stability
The general physical instability problems of nanosuspension are
sedimentation, agglomeration and crystal growth in term of Ostwald ripening.
Normally, the sedimentation rate of nanosuspension is very low because the very small
particle. Follow the Stroke's law, the sedimentation rate decreases as particle size
decreases (Gerbino, 2006). The crystal growth by Ostwald ripening is described,
previously, that can reduces by addition of viscosity inducing agent and reducing of the
size distribution of nanosuspension (Verma et al., 2011).
Nanosuspension exhibits high surface energy due to the very small particle
size that induces the agglomeration of the particle to reduce the surface energy. The
electrostatic or steric stabilization are applied to prevent the agglomeration. The
electrostatic repulsion is described by the DLVO theory which represents in term of
zeta potential. The zeta potential depends on the composite of particles and adsorption
molecules. The individual or combination of stabilizer are used. The anionic stabilizer
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such as sodium lauryl sulfate (SLS) and docusate sodium and the cationic stabilizer
such as cetylpyridinium chloride (CP-Cl) are used in nanosuspension. The steric
stabilization is stabilization with macro molecule of surfactant or polymer such as
tween, span, polyvinyl alcohol (PVA), polyvinylpyrrolidone (PVP), hydroxypropyl
methylcellulose (HPMC), polyethyleneoxide (PEO) and poloxamer (Obeidat and
Sallam, 2014; Sahu and Das, 2014; Thao et al., 2014; Morakul et al., 2013; Reis et al.,
2013; Sinha et al., 2013; Vizzotti, 2013; Plakkot et al., 2011; Arunkumar et al., 2009;
Dandagi et al., 2009; Dolenc et al., 2009; Kocbek, 2006; Pignatello et al., 2002).
Tween80 was the one of the stabilizers which was reported as the best stabilizer
(Vizzotti, 2013).
3. Eutectic system
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Eutectic system is the liquid or solid mixture of two or more compounds
which the melting point of each compounds is decreased (Woolfson et al., 2000). The
compounds exhibiting eutectic phenomena are called the eutectic compound and the
ratio that all compounds exhibiting the lowest melting point and exhibiting the only one
phase change of solid eutectic into liquid eutectic is called the eutectic point and the
lowest melting point is called the eutectic temperature. This phenomenal behavior may
have a chemical interaction or not observe the chemical interaction up to the nature of
eutectic compound. The suppression of melting point relates with a change of the
thermodynamics parameters.
When

A and B were assigned as eutectic compounds.
XA and XB were assigned as ratio of compound A and B respectively
(XA = 1 - XB).
'SA and 'SB were assigned as entropy of compound A and B, respectively.
'Sex was assigned as entropy change of non-ideal mixtureใ
'H wasassigned as enthalpy or heat of fusion.
R was assigned as gas constant.

The total entropy of ideal mixture is (both compound is not have any interaction)
'ST = XA'SA+XB'SB

[6]

But the total entropy of eutectic system is (non-ideal mixture)
ଵ

ଵ

'ST = XA'SA+XB'SB+RXAlnቀଡ଼ ቁ+RXBlnቀଡ଼ ቁ+'Sex
ఽ

ా

[7]

As equation 7 the entropy of eutectic system changes (Bi et al., 2003). The
Gibbs free energy equation ('G = 'H - T'S) that explains the spontaneously of reaction
(Daněk, 2006).
- Reaction is spontaneous, Gibbs free energy is lower than 0.
- Equilibrium reaction, Gibbs free energy is 0.
- Reaction is non-spontaneous, Gibbs free energy is more than 0.

13
Melting reaction is equilibrium reaction therefore Gibbs free energy is 0.
The melting temperature equation is
T=

'ୌ

[8]

'ୗ

The equation of total entropy of ideal mixture (equation 6) and total entropy
of eutectic system (equation 7) indicate that the total entropy ('ST) of eutectic system
is higher than ideal mixture system. When enthalpy is constant, melting temperature of
eutectic system decreases. Differential scanning calorimetry (DSC) is used as eutectic
detection method (Stott et al., 1998). Practically, the phase diagram is obtained by DSC
data. The various ratios of eutectic compounds are investigated and the melting point
of each compound and eutectic temperature are used to plot the temperaturecomposition phase diagram as shown in Fig.1.
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Figure 1 Temperature-composition phase diagram of eutectic compound X and Y
(Liu et al., 1995)
The eutectic point (B) is the ratio which obtain a single melting point of
solid eutectic and this melting point is called the eutectic temperature but at other point,
two melting point are obtained, one is eutectic temperature and second is melting peak
of exceed solid eutectic compound as shown in Fig.2.
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Figure 2 Phase diagram and DSC thermogram of ibuprofen-thymol eutectic system
(Liu et al., 1995)
Furthermore, Phase diagram of eutectic system could be calculated by
Schroeder-Le Chatelier equation as show in equations 9 to 11 (Agafonova et al., 2014).
  =
  =

ୌ౫౩ఽ ሺౣు ିౣఽ ሻ
ୖౣు ౣఽ
ୌ౫౩ా ሺౣు ିౣా ሻ
ୖౣు ౣా

 +  = 1
Where

[9]
[10]
[11]

XA and XB are mole fraction of substance A and B, respectively.
TmA and TmB are melting point of pure substance A and B, respectively.
TmE is melting point of substance A or B in eutectic system.
ΔHfusA and ΔHfusB are enthalpy of fusion of pure substance A and B,
respectively.
R is universal gas constant.

4. Eutectic system for pharmaceutical applications
4.1. Use as drug delivery system
In pharmaceutical field, eutectic system has been used as delivery system to
increase the dissolution, permeation and absorption of active compounds (Lazerges et
al., 2010; Yong et al., 2004; Stott et al., 2001, 1998) in various dosage forms or has
been used as oil phase in an emulsion (Nazzal et al., 2002; Wahlgren and Quiding,
2000). The previous researches on eutectic delivery systems are shown in Table 1.
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Table 1 Eutectic delivery systems
Dosage form
Eutectic compound
Suspension or
Sulfathiazole-Urea
capsule
Suspension or
Chloramphenicol-Urea
capsule
Spherical pellets
Ibuprofen-Cetostearyl
alcohol
Liquid eutectic
Ibuprofen-Terpene
compounds
(menthol, menthone,
ceneol, limonine, cymine
and thymol)
Cream
Lidocaine-Prilocaine
Eutectic solution
Propranolol-Fatty acid
(Capric acid and lauric
acid)
Solid dispersion
Carbamazepine-PEG 6000

Reference
(Sekiguchi and Obi, 1961)
(Sekiguchi et al., 1964)
(Wong et al., 1982)
(Stott et al., 1998b)
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Granule
Semisolid selfnanoemulsified
drug delivery
system
(SNEDDS)
Liquid eutectic
Capsule
Solid dispersion
Liquid eutectic

Ibuprofen-Poloxamer 118
Co.Q10-Menthol-Essential
oil (spearmint, peppermint,
lemon and anise oil)
Ibuprofen-Menthol
ABT 963-Poloxamer 118
Ibuprofen/ketoprofenPoloxamer 118, 407
Lidocaine-Prilocaine

(Wahlgren and Quiding, 2000)
(Stott et al., 2001)
(Naima, Chantal, et al., 2001;
Naima, Siro, et al., 2001)
(Passerini et al., 2002)
(Nazzal et al., 2002)

(Yong et al., 2004)
(Chen et al., 2004)
(W. Ali et al., 2010)
(Fiala et al., 2010)

4.2. Use as eutectic solvent
Some liquid eutectic has been used as green solvent. These solvents are the
deep eutectic solvent (DES) (Domínguez de María and Maugeri, 2010; Lindberg et al.,
2010; Miller, 2009; Morrison et al., 2009; Dudognon et al., 2008;) which are quaternary
ammonium salts such as choline chloride (ChCl) with organic hydrogen donor
compound such as amine, amide, alcohol and carboxylic acid compounds (Lindberg et
al., 2010). DES increases the solubility of inorganic salt, aromatic acid and amino acid
as shown in Table 2. These solvents are cheap, nonflammable, biodegradable and low
toxic (Morrison et al., 2009). DES is used as solvent or co-solvent for the bio-reaction
with higher solubility of enzyme and substrate (Lindberg et al., 2010), moreover, DES
is enantioselective and it induces the high reaction rate. DES has been used in the lipasecatalyzed process, (trans) esterifications, aminolysis, lipase-mediatedepoxidation and
ring-opening lactonepolymerizations (Domínguez de María and Maugeri, 2010).
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Table 2 DES system and there substrates.
DES
Substrates
Urea-ChCl
Benzoic acid, griseofulvin,
AMG517, itraconazole
Malonic acid-ChCl
Benzoic acid, danazole,
griseofulvin, AMG517,
itraconazole
Urea-ChCl
Xanthan gum, cellulose,
guagum, carboxymethyl
tamarin d, sodium
carboxymethyl cellulose
ChCl-Ethanediol or
Methylstyrene oxide
glycerol or urea
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Reference
(Morrison et al., 2009)
(Morrison et al., 2009)
(Miller, 2009)

(Lindberg et al., 2010)

Some liquid eutectic does not categorize as DES but they could be used as
solvent for ibuprofen (Gohel and Nagori, 2010), diclofenac diethylamine (Tyagi et al.,
2012) and lornoxicam (Biswal et al., 2014) in the micro-emulgel dosage form. This
eutectic solvent composed of 1:1 menthol:camphor. Moreover, eutectic solvent that
composed of 2:1 to 1:2 menthol:camphor was used as co-solvent with tocopherol in
ratio 4:1 to 1:4 for diclofenac, piroxicam and indomethacin. The 2:5:5 medium chain
triglyceride:camphor:thymol used as solvent for piroxicam was patented (Schwarz and
Weisspapir, 2006). This solvent consisted of the compound which synthesized mimic
the natural compound that low toxicity and edible thus this solvent is introduced as the
green solvent (Parjikolaei et al., 2015).
5. Emulsion evaporation
Emulsion system with evaporated internal phase was applied for many
techniques such as micro-nanoparticle preparation with emulsion solvent evaporation.
One of the nanosuspension preparations is the emulsion evaporation technique which
the volatile solvent is used as internal phase and removed by the evaporation (Dolenc
et al., 2009; Quintanar-Guerrero et al., 2005). During the evaporation of internal phase,
the internal droplets on the surface of emulsion evaporate. The solvent molecules in
internal phase dissolve and diffuse across the thin water film between the oil droplet
and the emulsion surface (Aranberri et al., 2002; Aranberri et al., 2003). The
evaporation rate of internal phase depends on the molecular weight of evaporating
compound, surface area, diffusion coefficient and condition on evaporating process
(vapor pressure and temperature) as shown in equation 12 (Aranberri et al., 2003).
ൌ
When

ୈ 
୦ୖ

E is evaporation rate.
M is molecular weight of evaporation species.
A is surface area.
DV is diffusion coefficient.
P is equilibrium vapor pressure.

[12]
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z is factor which allows for countercurrent flow of the second gas
component.
h is stagnant vapor space of thickness.
R is universal gas constant.
T is absolute temperature.
6. Crystallization of oil in water emulsions
Crystallization in emulsions is the thermodynamically favorable process
when the solvent internal phase is removed and promotes the supersaturation or.the
temperature decreases to supercooling condition. Normally, the crystallization in the
emulsions is assumed that it occurs in the lipid droplets, but it is also possible for
nucleation to occur within the aqueous phase. However, the interfacial tension will be
higher for the nuclei-water boundary than for the nuclei-oil boundary due to the
hydrophobic effect, and therefore this phenomenon would tend to favor a formation of
nuclei in the oil phase. After the crystallization, the crystals can be in both of oil droplets
or external phase which depends on the crystals surface property. The dewetting can be
calculated with the interfacial tension of oil phase and water phase (JOW) and the contact
angle of oil phase on the crystal surface (T).The dewetting is favourable when JOWcosT < 0.
The crystals exhibiting a higher wetting property with the oil higher than the external
phase is grown within the oil droplets. On the other hand, the crystals which have higher
wetting property with the external phase more than the oil the crystals are dewetting
with the oil and wetting with the external phase and growth in external phase. If the
dewetting is lower than the crystal growth, the crystal will grow in the oil droplet but if
the dewetting is higher than the crystal growth, the crystal will grow as the comet tail
or split out and grow in the external phase as shown in Fig. 3 (Spicer and Hartel, 2005).
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Figure 3 Schematic of the type of dewetting during emulsion crystallization
(Spicer and Hartel, 2005)
The crystallization of tristearin in aqueous 25% w/w SDS solution during
cooling was occurred on the oil and water interface. The dewetting of tristearin was not
favourable and negligible relative to the crystallization rate so the nucleation and
crystals growth were obtained in the oil droplet which produced the similar size of solid
particle to the parent droplet. But the dewetting of tristearin crystallization in 4% w/w
SDS solution and 0.4% decanol in water during cooling was flavourable and close to
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the crystallization rate thus the comet tail was occurred as shown in Fig.4a and 4b,
respectively (Spicer and Hartel, 2005).
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Figure 4

Crystallization of tristearin (a) in the 25% w/w SDS solution during cooling
which the dewetting was not flavourable and (b) in the 4% w/w SDS
solution and 0.4% decanol in water during cooling which the comet tail was
occurred (Spicer and Hartel, 2005)

Crystallization can occurs through the supercooling and supersaturation. For
supercooling, a melt has to be cooled below its melting point whereas supersaturation
the solute concentration in a solution has to exceed the saturation level for
supersaturation. A supercooled or supersaturated solution may persist for a
considerable time before any crystallization is observed because of the activation
energy that must be overcome before the liquid–solid phase transition can occurs.
Crystallization composes of the two processes, the nucleation and the crystal growth.
The nucleation is the term of free energy change that represents the probability of the
surface nucleus will reach a critical size and form the stable nuclei whereas the crystal
growth is the term of transport that indicates the probability of local transport of
molecules to the crystal surface. The crystal can only grow after stable nuclei has been
formed. A variety of substances are able to promote or inhibit a nucleation. The surface
active agent such as surfactants may reduce the effective interfacial tension by
adsorbing to the solid–liquid interface to promote the nucleation but surfactants may be
able to increase the concentration of solute that can be solubilized in the aqueous phase
and absorbed to the solid–liquid interface which may be capable of inhibiting the further
incorporation of solute molecules, thereby retarding nucleation. Additives that can
increase the micro-viscosity of the continuous phase (such as sorbitol, glycerol or
sugars) may slow down the diffusion of solute molecules through the solution, thereby
retarding their incorporation into the solid–liquid surface and retarding nucleation
(Coupland, 2002; Ghosal, 2008; McClements, 2012).
The crystallization in the difference heating rate without the external force
to involve the crystallization was investigated. Vaish and Varma reported the
correlation of glass transition temperature (Tg) and crystallization temperature (Tcr) of
BaNaB9O15 glass. Both of Tg and Tcr increased as the heating rate are increased and the
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system exhibited the low Tg, it showed the low Tcr (Vaish and Varma, 2009). This
correlation indicates that the lower Tg system requires the higher activation energy for
the crystallization than the higher Tg system. However, the crystallization of the low Tg
system such as ibuprofen was involved by the external force such as the agitation
(Maheshwari et al., 2003; Paradkar et al., 2003).
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CHAPTER 3
METERIALS AND METHODS
Materials
1.
2.
3.
4.
5.
6.
7.

Acetonitrile (SK chemicals Co., Ltd., Ulsan, Korea)
Azithromycin (The Government Pharmaceutical Organization (GPO) of Thailand)
Borneol (P. C. Drug Center Co., Ltd., Bangkok, Thailand)
Camphor (P. C. Drug Center Co., Ltd., Bangkok, Thailand)
Chloroform (SK chemicals Co., Ltd., Ulsan, Korea)
Clotrimazole (P. C. Drug Center Co., Ltd., Bangkok, Thailand)
Cyclohexanecarboxamide (WS-3) (P. C. Drug Center Co., Ltd., Bangkok,
Thailand)
8. Dichloromethane (Mallinckrodt baker Inc., Phillipsburg, NJ, USA)
9. Dimethyl sulfoxide (DMSO) (Fluka Chemie GmbH, Switzerland)
10. Glucose (Ajax Finechem Pty., Ltd., Auckland, New Zealand)
11. Ibuprofen (P. C. Drug Center Co., Ltd., Bangkok, Thailand)
12. Indomethacin (P. C. Drug Center Co., Ltd., Bangkok, Thailand)
13. Membrane filter 0.45, 0.22 μm (Whatman International Ltd., Maidstone, UK)
14. Menthol (P. C. Drug Center Co., Ltd., Bangkok, Thailand)
15. Methanol (SK chemicals Co., Ltd., Ulsan, Korea)
16. Metronidazole (P. C. Drug Center Co., Ltd., Bangkok, Thailand)
17. Nevirapine (The Government Pharmaceutical Organization (GPO) of Thailand)
18. N-methyl-2-pyrrolidone (NMP) (Sigma-Aldrich Co., Missouri, USA)
19. Nurofen® suspension 100 mg / 5 mL (Reckitt Benckiser (Thailand), Ltd., Bangkok,
Thailand)
20. Orange flavor (Great hill Pty., Ltd., Bangkok, Thailand)
21. Paracetamol (P. C. Drug Center Co., Ltd., Bangkok, Thailand)
22. Phosphoric acid 85% (Merck KGaA, Darmstadt, Germany)
23. Potassium bromide (KBr) (Fisher Scientific UK Ltd., UK)
24. Potassium dihydrogen phosphate (QReC, New Zealand)
25. Sodium benzoate (Ajax Finechem Pty., Ltd., Auckland, New Zealand)
26. Sodium hydroxide (QReC, New Zealand)
27. Sunset yellow (Great hill Pty., Ltd., Bangkok, Thailand)
28. Syringe filter nylon 13 mm 0.45 μm (Lubitech, Fortune Scientific Co., Ltd.,
Bangkok, Thailand)
29. Tween80 (VWR international Ltd., Bournemouth, UK)
30. Xanthan gum (Xantural® 75, Ajax Finechem Pty., Ltd., Auckland, New Zealand)
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Equipment
1. Analytical balance (CP2245 Satorious, Germany and PA214 Oharus, Oharus
Corporation, USA)
2. Attachable digital C-mount camera (Moticam2, Motic®, Chaina)
3. Brookfield viscometer (DV-III Ultra programmable rheometer, Brookfield
engineering laboratories, Inc., Middleboro, USA)
20
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4. Circulator water bath (CWB-13L, Hon Yong Scientific Equipment Co., Ltd, Seoul,
Korea)
5. Differential scanning calorimetry (DSC) (Pyris Sapphire DSC, Standard 115V,
Perkin Elmer instruments, Japan)
6. Infrared spectrophotometer (Nicolet 4700, Thermo electron corporation, Madison,
USA)
7. Fume hood (wiwatsan lab, Nonthaburi; Thailand)
8. Gas Chromatography (GC) (6890N GC network system, Agilent Technologies,
USA).
9. GC column (HP- Innowax®, 30m, 0.32 mm, 0.25 Pm and 7 inch cage, Agilent, J&W
scientific, USA)
10. Glass bottle pycnometer 10 mL
11. Goniometer (FTA 1000, First Ten Angstroms, USA).
12. High performance liquid chromatography (HPLC) (Agilent 1100 series, Agilent
Technologies, USA)
13. Homogenizer (Ultra-Turrax T10 basic, IKA, Germany)
14. Hot air oven (Heraeus UT6760, Kendro laboratory; Germany)
15. Hot-stage microscope (stage made by Mettler Toledo on an Olympus microscope)
16. HPLC C18 PEP column (Ace®, 4.6 × 250 mm, 5 μm particle size, Phenomenex,
Torrance, CA, USA)
17. Inverted microscope (LHS-H100P-1, Nikon, Japan)
18. Magnetic stirrer (M6, Ingenieurbüro Cat M. Zipperer GmbH, Germany)
19. Micropipette 1mL, 5mL
20. Probe ultrasonicator (Sonics Vibra cell VCX130, Sonics & Materials INC., USA)
21. Shaking incubator (HandyLAB®, NB205, N-Biotek. Inc., Korea)
22. Thermogravimetric analyzer (TGA) (Pyris/TGA, PerkinElmer, USA)
23. USP dissolution apparatus II (paddle) (RC-6, Minhua Phaemaceutical Machinery
C0.,Ltd., Chaina)
24. X-ray powder diffractometer (Miniflex II, Rigaku Corp. Tokyo, Japan)
25. Zeta-sizer (Zeta-sizer nano series ZS, Malvern Instruments Ltd; UK)
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Methods
1. Selection of liquid eutectic system
1.1. Preparation of liquid eutectic systems
Menthol and other eutectic compounds (camphor or borneol or cyclohexane
carboxamide (WS-3)) were mixed in ratios of 1:9, 2:8, 3:7, 4:6, 5:5, 6:4, 7:3, 8:2, 9:1
menthol:camphor (M:C) or menthol:borneol (M:B) or menthol:WS-3 (M:W) in glass
tight containers and continuously stirred on magnetic stirrer at room temperature
overnight.
1.2. Characterization of liquid eutectic systems

ม
ส
ด
ุ
อ
ก
ห
ลาง
ก
ั
น
ำ
ส

1.2.1. Viscosity and rheology
Viscosity and rheology of the liquid eutectic systems were evaluated
(n=3) using brookfield viscometer. Approximately 2 mL of the sample was added into
sample plate reservoir. The rheology was run at room temperature using cone-and-plate
geometry with a cone no. 40. The shear stress and viscosity at each data collecting point
were automatically recorded. Rheograms were plotted between shear rate and shear
stress.
1.2.2. Surface tension and contact angle
Pendent drop technique was used for surface tension determination (n=3)
using goniometer. The liquid sample was drop in the air. The surface tension of liquid
sample was calculated.
Contact angle onto the glass plate of each system was measured by sessile
drop technique (n=3) using goniometer. The liquid sample was drop on glass plate and
the contact angle was measured at 5th second of contact time.
1.2.3. Sublimation and evaporation rate
Sublimation or evaporation rate of water, menthol, camphor, borneol,
WS-3 and their liquid eutectic system were obtained (n=3). Each sample with an
accurate weight of 10 g (W1) was weighed in a cylindrical glass bottle (diameter 2.6
cm, cross sectional area 5.30 cm2) accurately (W2) and placed into a hot air oven at
35oC. Each sample was weighed every hour (Wt) for 6 h. The weight loss at the different
times was calculated using [(W1+W2)-Wt]. The rate of weight loss was calculated from
the slope of weight loss and time (mg.h-1). The sublimation and evaporation rates were
reported as weight loss rate per unit area (mg.h-1cm-2)
1.3. Selection criteria of eutectic solvent
One of the liquid eutectic was selected as the eutectic solvent. The lowest
viscosity and highest evaporation system were chosen as selection criteria thus the good
solvent should exhibit low viscosity and high evaporation rate that was able for loading
other substances with high concentration and took the shot time consumption on
evaporation process moreover the higher evaporation rate supported the nucleation thus
the particle size was smaller.
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1.4. Characterization of eutectic solvent
1.4.1. Melting behavior of menthol and camphor
Melting behavior of each solid eutectic compound was investigated using
hot-stage microscope (HSM) at magnification of 100x. Powder of menthol or camphor
was placed onto a glass slide and covered with a glass cover slip. Subsequently, the
glass slide was inserted into the stage having a hole at the center which light from the
microscope could pass through. Temperature of the stage was gradually heat up from
30qC to 100qC for menthol and 200qC for camphor with 10qC/min increasing rate.
Images of the powder around its melting temperature were taken every 1qC using digital
camera coupled with an eyepiece of the microscope and its software.
1.4.2. Eutectic behavior of M:C eutectic system
The eutectic behavior of M:C eutectic system was taken using attachable
digital C-mount camera under an inverted microscope at magnification of 100x. Image
of menthol and camphor were taken and the eutectic behavior was observed, menthol
powder was placed on glass slide and camphor was placed on the menthol powder. The
eutectic behavior of each system was taken at the same magnitude.
1.4.3. Infrared spectroscopy (IR spectroscopy)
The eutectic systems were evaluated to discover any interaction between
components using an infrared spectrophotometer with fourier transform infrared
spectroscopy (FTIR). Menthol and camphor were evaluated using potassium bromide
(KBr) disk method. The eutectic system at ratios of 1:9 to 9:1 M:C were evaluated using
a smart multi bounce horizontal attenuated total reflection (HATR) Combo kit set with
a zinc selenide avatar trough plate at 45 degree (Ramesha et al., 2012).
1.4.4. Differential scanning calorimetry (DSC)
Each system and their solid component were weighed approximately 5
mg into aluminum pan. Thermogram of the samples was investigated using differential
scanning calorimetry. Analyzing temperature was set at the ranges of -20qC to 180qC
at heating rate of 10qC/min.
1.4.5. Simple phase diagram of M:C eutectic system
Phase diagram of eutectic system was investigated. Thermograms of
menthol, camphor and the eutectic systems at ratios of 1:9 to 9:1 M:C were investigated
using DSC which the same condition with 1.4.4. The simple phase diagram of menthol
and camphor eutectic system was demonstrated as temperature of endothermic peak
and amount of menthol in eutectic (Stott et al., 1998). The eutectic point is the ratio
which obtains a single melting point of liquid eutectic and this melting point is called
the eutectic temperature but at other point two melting point are obtained, one is eutectic
temperature and second is melting peak of exceed solid eutectic compound (Liu et al.,
1995).
1.4.6. Thermogravimetric analysis (TGA)
Weight loss under heated condition of each system and their solid
component were investigated using thermogravimetric analyzer. Approximately 10 mg
of the sample was weighed into an open alumina crucible. The experiment was carried
out in the temperature ranges of 30qC to 300qC at heating rate of 10qC/min in air
atmosphere.
1.4.7. Quantity determination of menthol and camphor
The amounts of menthol and camphor were analyzed using GC with
validation. The GC column was polyethylene glycol (PEG) stationary phase (HP-
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Innowax®) with a flame ionization detector (FID) at 250oC with hydrogen (H2) flow of
30 mL/min, air flow 350 mL/min and makeup gas (nitrogen, N2) flow of 30 mL/min.
The inlet temperature was 250oC, split ratio 47.6:1. Helium (He) was used as the carrier
gas at a flow rate of 1.2 mL/min. The oven temperature was set initially at 50oC and
increased to 200oC with a heating rate of 15oC /min and a hold of 10 min (total time
was 20 min). The sample volume was 1 μL (Kangthong et al., 2003).
1.4.8. Evaporating rate of menthol and camphor from the eutectic
solvent
A 3 g eutectic solvent was accurately weighed (W0) and placed into a 50
mL beaker with an internal diameter of 4 cm and placed into a hot air oven at 45qC.
The amounts of menthol and camphor (WMt and WCt, respectively) were determined at
8 h intervals for 2 days using GC method with validation as mentioned in 1.4.7. The
rate of weight loss (mg.h-1) was calculated from the slope of weight loss of menthol or
camphor ((W0/2)-WMt) or (W0/2)-WCt, respectively) and time (h). The evaporation and
sublimation rates were reported as weight loss rate per unit area (mg.h-1cm-2).
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2. Selection of model drug

2.1. Preparation of drug solution in the selected liquid eutectic
Various drugs (ibuprofen, indomethacin, paracetamol, clotrimazole,
metronidazole, azithromycin and nevirapine) were individually loaded (n=3) in the
eutectic solvent at concentration of 1% w/w. The drug which could be loaded was
picked up and prepared into the drug eutectic solution in the eutectic solvent at
concentration of 5, 10, 20, 30, 40 and 50%w/w. The drug which obtained the highest
concentration (by visual observation with no drug precipitation) was selected as the
model drug.
2.2. Characterization of ibuprofen eutectic solution
2.2.1. Viscosity and rheology
Viscosity and rheology of drug solution at various concentrations were
evaluated (n=3) using brookfield viscometer as mentioned in 1.2.1.
2.2.2. Infrared spectroscopy (IR spectroscopy)
Chemical interaction of drug with eutectic solvent was analyzed using
FTIR spectrophotometer as mentioned in 1.4.3.
2.2.3. Quantity determination of ibuprofen
The amount of ibuprofen was analyzed with HPLC method with
validation of accuracy, intra-day and inter-day precisions, linearity, range and system
suitability test using HPLC with the ultraviolet (UV) detection. The amount of
ibuprofen was analyzed using a modified HPLC method with validation as mentioned
in USP 35 NF 30 (United States Pharmacopeia and National Formulary (USP 35-NF
30), 2012). The column was a C18 PEP column (ACE®). The mobile phase consisted
of acetonitrile and 0.01M phosphoric acid 1:1 v/v. The flow rate was 1 mL/min, and
the detection wavelength was 264 nm. The injected volume was 20 μL. All the
operations were carried out at room temperature.
2.2.4. Solubility study of ibuprofen
Excess amount of ibuprofen powder was dissolved in the eutectic solvent
or other solvents including water, phosphate buffer solution (PBS) pH 7.2, ethanol
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(EtOH), methanol (MeOH), N-methyl-2-pyrrolidone (NMP) and dimethyl sulfoxide
(DMSO) that was continuously stirred by a magnetic stirrer at 200 rpm in tight
container at ambient condition for a week. The supernatant of each sample was
collected and filtered using 0.45 μm syringe filter. The amount of solubilized ibuprofen
in each solvent was measured (n=3) by HPLC method as mentioned in 2.2.3.
2.2.5. Water solubility of ibuprofen eutectic solution
Ibuprofen eutectic solution was evaluated for water solubility at ambient
condition. The 5 mL of 30% w/w ibuprofen eutectic solution was continuously stirred
by a magnetic stirrer at 200 rpm in tight container at ambient condition for a week. The
water part was sampled and filtrated through 0.45 μm syringe filter. The amount of
solubilized ibuprofen in the water was measured using HPLC method as mentioned in
2.2.3.
2.2.6. Differential scanning calorimetry (DSC)
The ibuprofen powder and ibuprofen eutectic solution at concentration
of 20, 30 and 50 % w/w were investigated for thermal behavior at the ranges of -20qC200qC at heating rate of 10qC/min as mentioned in 1.4.4.
2.2.7. Thermogravimetric analysis (TGA)
Weight loss on heating of the ibuprofen powder and ibuprofen eutectic
solution was investigated using a thermogravimetric analyzer as mentioned in 1.4.6.
2.2.8. Sublimation and evaporation rate
Sublimation or evaporation rates of ibuprofen powder, menthol, camphor
and eutectic solvent (5:5 M:C) were investigated (n=3) as mentioned in 1.2.4 but in this
experiment, the samples were investigated in various conditions. The samples were
placed in hot air oven at 35, 45, 55, 65 and 85oC.
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3. Preparation and characterization of ibuprofen eutectic emulsion
3.1 Preparation of ibuprofen eutectic emulsion
The 1.667 g of ibuprofen eutectic solution (30% w/w ibuprofen in eutectic
solvent) was used as internal phase. The 0.5 g of tween80 was used as emulsifier and
water qs to 25 mL was used as external phase. The formula of ibuprofen eutectic
emulsion is shown in Table 3. The coarse eutectic emulsion was prepared using
homogenizer at 20 u 103 rpm at 75qC in circulator water bath for 2 min and sonicated
using probe ultrasonicator with probe model CV18 to obtain fine eutectic emulsion.
Each formula was sonicated at amplitude level of 50% with 30 sec on and 2 sec off
pulse for 2 min. Eutectic emulsion without the drug was prepared to confirm that
eutectic solvent could be completely removed from the emulsion.
Table 3 Formula of ibuprofen eutectic emulsion
Substance
Amount (g)
Ibuprofen eutectic solution
1.667
30% w/w
(equivalent to ibuprofen 0.5 g)
Tween 80
0.5
Water qs to
25

Function
Internal phase
Emulsifier
External phase
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3.2. Characterization of emulsion
3.2.1. Morphology study
Ibuprofen eutectic emulsion was mounted on glass slide and covered
with glass cover slip. Image of emulsion was taken using attachable digital C-mount
camera under inverted microscope at magnification of 200x.
3.2.2. Viscosity and rheology
Viscosity and rheology of ibuprofen eutectic emulsion were analyzed (n=3)
using brookfield viscometer as mentioned in 1.2.1.
3.2.3. Droplet size and zeta potential measurement
Droplet size and zeta potential of each emulsion were obtained (n=3) by
photon correlation spectroscopy (PCS) using zeta-sizer which sensitivity in range 0.3
nm to 10 μm.

ม
ส
ด
ุ
อ
ก
ห
ลาง
ก
ั
น
ำ
ส

4. Preparation of suspension

4.1. Eutectic emulsion solvent evaporation method
Each 25 mL of eutectic emulsion was continuously stirred at 200 rpm on
magnetic stirrer at room temperature under fume hood for 5 days to evaporate the
eutectic solvent from droplets and generate the drug particles. Then the 10 mL distilled
water was added every day to prevent an emulsion to be dried. The final volume was
adjusted to 25 mL. Morphology of sample was taken every day using inverted
microscope as mentioned in 3.2.1. This suspension was assigned as S3.
The control suspensions 1 (C1) was prepared using homogenizer and probe
ultrasonicator. The 500 mg of ibuprofen was dispersed into the 2% w/w tween 80
aqueous solution then homogenized for 2 minutes and sonicated with probe model
CV18. Then was sonicated at amplitude level of 50% with 30 sec on and 2 sec off pulse
for 2 min and the final volume was adjusted to 25 mL with an addition of water.
The control suspension 2 (C2) was prepared by emulsion solvent
evaporation method. The 1.667 g of 30% w/w ibuprofen in dichloromethane was used
as internal phase with the 2% w/w tween80 was used as emulsifier and water was used
as an external phase. The emulsion was prepared using homogenizer for 2 minutes then
sonicated using probe ultrasonicator with probe model CV18. Then was sonicated at
amplitude level of 50% with 30 sec on and 2 sec off pulse for 2 min. The
dichloromethane was removed by continuously stirred at 200 rpm in ambient condition
under the fume hood for 24 h and the final volume was adjusted to 25 mL with an
addition of water.
The morphologies of S3, C1 and C2 were taken using inverted microscope
as mention in 3.2.1. Droplet/particle size and zeta potential of each suspension were
obtained (n=3) by photon correlation spectroscopy (PCS) using zeta-sizer as mentioned
in 3.2.3.
4.2. Investigation of factors which affected the particle size and zeta
potential of suspension
4.2.1. Concentration of stabilizer
Eutectic emulsions were prepared using homogenizer and probe
ultrasonicator as mentioned in 3.1 with various concentrations of tween80 (0.5, 1 and
2% w/v) as shown in Table 4 and transformed into suspension by eutectic emulsion
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solvent evaporation method as mentioned in 4.1. These suspensions were assigned as
S1, S2 and S3, respectively. The morphology of suspension under inverted microscope
was taken as mentioned in 3.2.1. The viscosity and rheology of suspension were
measured as mentioned in 1.2.1. The particle size and zeta potential were investigated
as mentioned in 3.2.3.
4.2.2. Concentration of drug
Ibuprofen eutectic solution at concentration of 10 and 20% w/w were
individually used as an internal phase as shown in Table 4. The eutectic emulsion
containing 2% w/v tween80 was prepared using homogenizer and probe ultrasonicator
as mentioned in 3.1 and transformed into suspension by eutectic emulsion solvent
evaporation method as mentioned in 4.1. These suspensions were assigned as D1 and
D2, respectively. The suspensions were investigated for viscosity, rheology, particle
size and zeta potential as mentioned in 4.2.1.
4.2.3. Dilution effect
The eutectic emulsion was prepared as mentioned in 3.1 and diluted with
distilled water to 30, 40 and 50 mL as shown in Table 4 and transformed into suspension
by eutectic emulsion solvent evaporation method as mentioned in 4.1. These
suspensions were assigned as P1, P2 and P3, respectively. The suspensions were
investigated for viscosity, rheology, particle size and zeta potential as mentioned in
4.2.1.
4.2.4. Viscosity of external phase
Various concentrations of xanthan gum (0.1, 0.3 and 0.5% w/v) were added
in external phase to increase viscosity of eutectic emulsion which 2% w/v tween80 was
used as stabilizer as shown in Table 4. The eutectic emulsion was prepared using
homogenizer and probe ultrasonicator as mentioned in 3.1 and transformed into
suspension by eutectic emulsion solvent evaporation method as mentioned in 4.1. These
suspensions were assigned as X1, X2 and X3, respectively. The suspensions were
investigated for viscosity, rheology, particle size and zeta potential as mentioned in 4.2.1.
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Table 4 Formula for investigation of factors affecting particle size and zeta potential of
suspensions
Concentration of
Ibuprofen
Water
Tween 80 Xanthan gum
ibuprofen
Formulas
eutectic
qs to
(g)
(g)
eutectic solution
solution (g)
(mL)
(% w/w)
S1
30
1.667
0.125
0
25
S2
30
1.667
0.250
0
25
S3
30
1.667
0.500
0
25
D1
10
5.000
0.500
0
25
D2
20
2.500
0.500
0
25
P1
30
1.667
0.500
0
30
P2
30
1.667
0.500
0
40
P3
30
1.667
0.500
0
50
X1
30
1.667
0.500
0.025
25
X2
30
1.667
0.500
0.075
25
X3
30
1.667
0.500
0.125
25
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5. Formulation of nanosuspension
5.1. Preparation of nanosuspension
Ibuprofen nanosuspension was prepared by combination of eutectic
emulsion solvent evaporation with ultrasonication. The eutectic emulsion was prepared
as mention in 3 and transformed into nanosuspension. The 25 mL of eutectic emulsion
was diluted to 125 mL with the different dilution media. The addition of excipients in
dilution media was investigated. The medium 1 was water, medium 2 was glucose 12.5
g as sweetener and water and medium 3 was glucose 12.5 g, xanthan gum 0.125 g as
viscosity enhancer and water. Each eutectic emulsion was continuously evaporated
under fume hood on hot plate stirrer 45qC, 200 rpm for 2 days. Finally, the volume of
suspension was adjusted to 25 mL with an addition of water. These suspensions were
assigned as M1, M2 and M3, respectively, then sonicated with probe ultrasonicator with
probe model CV18. Each formula was sonicated at amplitude level of 50% with 30 sec
on and 2 sec off pulse for 30 min in ice bath. These suspensions were assigned as Ms1,
Ms2 and Ms3, respectively. The formulas of ibuprofen nanosuspension are shown in
Table 5. The dilution medium which obtained the smallest particle size was selected as
dilution medium for nanosuspension formulation in next section.
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Table 5 Formula of nanosuspensions

Formula

M1
M2
M3
Ms1
Ms2
Ms3

Eutectic emulsion
30% w/w
Ibuprofen
Water
Tween
eutectic
qs to
80 (g)
solution
(mL)
(g)
1.667
0.5
25
1.667
0.5
25
1.667
0.5
25
1.667
0.5
25
1.667
0.5
25
1.667
0.5
25

Dilution medium
Glucose
(g)

Xanthan
gum (g)

Water
qs to
(mL)

0.00
12.5
12.5
0.00
12.5
12.5

0.00
0.00
0.125
0.00
0.00
0.125

125
125
125
125
125
125

Ultrasonication
after complete
evaporation
no
no
no
yes
yes
yes

5.2. Characterization of nanosuspension
5.2.1. Viscosity and rheology
The viscosity and rheology of nanosuspension were measured using
brookfield viscometer as mentioned in 1.2.1.
5.2.2. Particle size and zeta potential
Particle size and zeta potential of nanosuspensions were obtained (n=3)
by photon correlation spectroscopy (PCS) using zeta-sizer as mentioned in 3.2.3.
5.3. Selection of dilution medium
The dilution medium which obtained the smallest particle size was selected
as dilution medium for nanosuspension formulation. To confirm that the combination
of eutectic emulsion solvent evaporation with ultrasonication could be obtained the
nanosuspension that had better particle properties than the nanosuspension with
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prepared by individual technique. The control nanosuspension that had the same
formula with the ibuprofen nanosuspension was prepared by ultrasonication. The
ibuprofen powder was dispersed in the 25 mL of vehicle (0.5 g tween80, 12.5 g glucose
in water) then homogenized for 2 minutes and sonicated at amplitude level of 50% with
30 sec on and 2 sec off pulse for 30 min in ice bath.
To confirm that this method could use for other drugs, azithromycin was
selected as the model drug. 15% w/w azithromycin solution in eutectic solvent was used
as internal phase. The formulation of azithromycin eutectic emulsion is shown in Table
6 and the azithromycin eutectic emulsion was prepared using homogenizer and probe
ultrasonicator as mentioned in 3.1.
Table 6 Formulation of azithromycin eutectic emulsion
Substance
Amount
15% w/w Azithromycin
3.334 g
solution
(equivalent to azithromycin 0.5 g)
Tween 80
0.5 g
Water
qs to 25 mL
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Function
Internal phase
Emulsifier
External phase

The azithromycin eutectic emulsion was diluted with selected dilution
medium to 250 mL and the evaporation temperature was increased to 55qC. The
azithromycin nanosuspension was prepared by combination of eutectic emulsion
solvent evaporation with ultrasonication as mentioned in 5.1 and evaluated for
viscosity, rheology, particle size and zeta potential as mentioned in 5.2.
5.4. Investigation of transformation mechanism of droplets into
particles
During evaporation process, the emulsion/suspension was sampled at time
interval of 8, 16, 24, 32, 40 and 48 h for analysis.
5.4.1. Morphology change
Morphology of droplets/particles under inverted microscope was
captured as mentioned in 3.2.1.
5.4.2. Particle size and zeta potential measurement
Droplet/particle size and zeta potential of each sample were measured
(n=3) using zeta-sizer as mentioned in 3.2.3.
5.4.3. Quantity determination of ibuprofen, menthol and camphor
internal phase at each time of evaporation
Each sample was extracted for menthol and camphor using chloroform.
The 5 mL emulsion/suspension and 10 mL chloroform were added into glass tight
container and continuously stirred at 50 rpm using shaking incubator until the water
part was cleared. The amount of menthol and camphor in chloroform were analyzed
using GC method (n=3) as mentioned in 1.4.7. The amount of ibuprofen, menthol and
camphor in internal phase at each time were calculated by assume that ibuprofen did
not evaporated by evaporation process. The affined internal phase at each time was
prepared as the calculated data.
5.4.4. Differential scanning calorimetry (DSC)
To investigate the thermal property of ibuprofen in internal phase
condition at each time of evaporation, ibuprofen powder and affined internal phase at
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each time of evaporation were investigated by DSC. The measurement temperature was
set within the ranges of 0qC to 100qC with a heating then cooling phases at rate of
10qC/min for investigating melting and crystallizing behaviors. The determination of
the glass transition temperature (Tg) of each sample was operated. The measurement
temperature was set within the ranges of -100qC to 0qC with a heating rate of 10qC/min.
5.4.5. Interfacial tension of internal phase and external phase (JJOW)
The affined internal phase and external phase at each time of evaporation
were calculated and prepared individually for this experiment which internal phase
calculated from the data of 5.4.3 while external phase calculated from the total volume
of emulsion at each time which internal phase volume was negligible because it was
very low fraction. The density of internal phase and external phase at each time on
evaporation process were measured using 10 mL glass pycnometer for interfacial
tension measurement (n=3). The interfacial tension of internal phase and external phase
(JOW) at each time on evaporation process was investigated by pendent drop technique
using goniometer as mentioned in 1.2.2. The heavy phase was dropped in the light
phase.
5.4.6. Contact angle of internal phase (TO) and external phase (TW)
on drug crystal
The contact angle of internal phase (TO) and external phase (TW) at each
time on evaporation process with crystallized ibuprofen plate were investigated by
sessile drop technique using goniometer as mentioned in 1.2.3. The ibuprofen plate was
prepared by crystallization of melted ibuprofen on glass slide with the flat surface.
5.4.7. Dewetting on crystallization process
The crystallization of ibuprofen might occurs during an evaporation
process depended on the condition of evaporation. Therefore a dewetting of ibuprofen
crystal at each time was calculated from the contact angle of internal phase on ibuprofen
plate (TO) and interfacial tension of internal phase and external phase (JOW) (n=3). The
dewetting is favourable when JOWcosTO < 0 (Spicer and Hartel, 2005).

ม
ส
ด
ุ
อ
ก
ห
ลาง
ก
ั
น
ำ
ส

5.5. Formulation of ibuprofen nanosuspension
Ibuprofen nanosuspension was prepared by combination of eutectic
emulsion solvent evaporation with ultrasonication as mentioned in 5.1. The 60 g
ibuprofen eutectic emulsion was diluted with 240 mL of the dilution medium (30g
glucose and water qs to 240 mL) and continuously evaporated under fume hood on hot
plate stirrer at 45qC for 2 days. Finally, the volume of suspension was adjusted to 55
mL then sonicated with probe ultrasonicator with probe model CV18. Each formula
was sonicated at amplitude level of 50% with 30 sec on and 2 sec off pulse for 30 min
in ice bath. The 300 mg xanthan gum as viscosity inducer and stabilizer was dispersed
in the nanosuspension. The 60 mg sodium benzoate was added as preservative and
continuously stirred at 200 rpm on a magnetic stirrer overnight. Finally, the orange
flavor and sunset yellow were added. The volume of nanosuspension was adjusted to
60 mL with an addition of water and mixed by homogenizer at 8 u 103 rpm. This product
was assigned as a formulated ibuprofen nanosuspension (fNS). The final formulation
of fNS is shown in Table 7.
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Table 7 Final formula of formulated ibuprofen nanosuspension (fNS)
Substances
Amount
Function
Ibuprofen
1.2 g
Active compound
Tween 80
1.2 g
Stabilizer
Glucose
30 g
Sweetener
Xanthan gum
0.3 g
Viscosity inducing agent and
stabilizer
Sodium benzoate
0.06 g
Preservative
Water qs to
qs to 60 mL
Vehicle
Orange flavour
qs
Flavoring agent
Sunset yellow
qs
Coloring agent
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5.6. Characterization of formulated ibuprofen nanosuspension
5.6.1. Viscosity and rheology
Viscosity and rheology of fNS was analyzed (n=3) using using
brookfield viscometer as mentioned in 1.2.1.
5.6.2. Particle size and zeta potential
Particle size and zeta potential of fNS was obtained (n=3) by photon
correlation spectroscopy (PCS) using zeta-sizer as mentioned in 3.2.3.
5.6.3. Stability test
Formulated nanosuspension was placed in ambient condition for a month
and re-evaluated for viscosity, rheology, particle size and zeta potential as mentioned
in 5.2.
5.6.4. In vitro dissolution study
The dissolutions of the fNS, Ms2, commercial ibuprofen suspension
(Nurofen® suspension) and ibuprofen powder equivalent to ibuprofen 100 mg were
individually investigated using the USP dissolution apparatus II (paddle) at 50 rpm, 37
± 0.5qC. The 900 mL phosphate buffer pH 7.2 was used as medium (United States
Pharmacopeia and National Formulary (USP 32-NF 27), 2009). The sampling time
intervals were 1, 5, 10, 15, 30 and 60 min. The sampling volume was 5 mL through the
syringe filter 0.22 μm and equal volume of a fresh medium was replaced. The amount
of dissolved ibuprofen was measured using the high performance liquid
chromatography (HPLC) method with UV detector at 220 nm as mention in 2.2.3. The
similarity factor (f2) and difference factor (f1) of fNS with Ms2 and with Nurofen ®
suspension were investigated as equation 13 and 14, respectively.
f2 = 50 + log
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[13]
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14]

When
Rt and Tt are the cumulative percentage dissolved at each of the selected
n time points of the reference and test product, respectively.
n is number of time points.
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The f2 between 50-100 and the f1 between 0-15 indicated the sameness
of two dissolution profiles (Abbirami et al., 2013).
5.7. Characterization of crystallized ibuprofen
Ibuprofen nanosuspension (Ms2) was filtered through 0.22 μm membrane
filter with negative pressure filtration and rinsed with water then dried under fume
hood. The ibuprofen powder and crystallized ibuprofen were investigated as following.
5.7.1. Morphology study
Morphologies of ibuprofen powder and crystallized ibuprofen were
observed using scanning electron microscope (SEM) with 15 KeV of an accelerating
voltage. The sample was strewed onto the carbon double adhesive tape that adhered on
metal stub and then sputter-coated with gold. Images of the samples at magnification
of 50x and 500x were taken using secondary electron image mode.
5.7.2. Infrared spectroscopy (IR spectroscopy)
The ibuprofen powder and crystallized ibuprofen were analyzed using
FTIR with KBr disk method as mentioned in 1.4.3.
5.7.3. Differential scanning calorimetry (DSC)
Thermal behavior of ibuprofen powder and crystallized ibuprofen were
analyzed using DSC as mentioned in 1.4.4.
5.7.4. Thermogravimetric analysis (TGA)
Thermal-weight behavior of ibuprofen powder and crystallized
ibuprofen were investigated as mentioned in 1.4.6.
5.7.5. Crystallinity study
The crystallinity of ibuprofen powder and crystallized ibuprofen were
analyzed using the x-ray powder diffractometer (XRPD). The x-ray source was Cu-KD
which employed x-radiation of O = 1.541841 Aq between the 2T angle ranges of 4q to
80q with voltage of 30 kV and the current of 15 mA. The samples were filled and
compressed into a glass sample holder with 0.2 mm depth before test.
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6. Statistical analysis
All experimental measurements were collected in triplicate. Values are
expressed as mean ± standard deviation (SD). Statistical significance of the experiment
was examined using T-test and one-way analysis of variance (ANOVA) followed by
the least significant different (LSD) post hoc test. The significant level was set at p <
0.05. The analysis was performed using SPSS for windows.

CHAPTER 4
RESULTS AND DISCUSSION
1. Selection of liquid eutectic system
1.1. Preparation of liquid eutectic systems
The eutectic system of M:C at ratios of 5:5 to 8:2, M:B at ratios of 7:3 to
8:2 and M:W at ratios of 5:5 to 6:4 were completely liquefied at room temperature,
indicating that the eutectic point of each system was in these ranges and their eutectic
temperatures were lower than room temperature. The physical appearance of eutectic
systems is shown in Tables 8-10. The melting point of each compound decreased due
to eutectic formation and completely melted at room temperature at the ratio closely to
eutectic point. The other ratios exhibited the excess solid of eutectic compound thus did
not completely liquefy at room temperature.
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Table 8 Physical appearance of M:C eutectic systems
Ratio of M:C
Physical appearance
1:9
Wetted clear solid crystal
2:8
Semi-solid mass of crystal
3:7
Clear liquid with solid crystal
4:6
Clear liquid with solid crystal
5:5
Completely liquefied
6:4
Completely liquefied
7:3
Completely liquefied
8:2
Completely liquefied
9:1
Clear liquid with solid crystal
Table 9 Physical appearance of M:B eutectic systems
Ratio of M:B
Physical appearance
1:9
Wetted solid crystal
2:8
Semi-solid mass of crystal
3:7
Clear liquid with solid crystal
4:6
Clear liquid with solid crystal
5:5
Clear liquid with solid crystal
6:4
Clear liquid with solid crystal
7:3
Completely liquefied
8:2
Completely liquefied
9:1
Semi-solid mass of crystal
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Table 10 Physical appearance of M:W eutectic systems
Ratio of M:W
Physical appearance
1:9
Wetted solid crystal
2:8
Semi-solid mass of white crystal
3:7
Liquid with solid crystal
4:6
Liquid with solid crystal
5:5
Completely liquefied
6:4
Completely liquefied
7:3
Liquid with solid crystal
8:2
Semi-solid mass of crystal
9:1
Wetted solid crystal
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1.2. Characterization of liquid eutectic systems
1.2.1. Viscosity and rheology
The viscosities of liquid eutectic systems are shown in Fig.5. The 5:5
M:C exhibited the lowest viscosity. The viscosity of M:C systems was lower than M:B
and M:W, respectively. The higher molecular weight exhibited higher viscosity
(Gonzllez-Tello et al., 1994). The molecular weight of camphor (152.12 g.mol-1) is
lower than borneol (154.25 g.mol-1) and WS-3 (211.35 g.mol-1), respectively, but the
rheology of all liquid eutectic systems was Newtonian flow without hysteresis loop as
shown in Fig.6.
800

600

500
400
300
200

Figure 5 Viscosity of liquid eutectic systems (n=3)
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M:C 6:4
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Figure 6 Rheology behavior of liquid eutectic systems (n=3)
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1.2.2. Surface tension and contact angle
The surface tension of all liquid eutectic systems were about 28 mN/m
which lower than surface tension of distilled water (72.61 ± 0.91 mN/m) indicating this
liquid eutectic probably immiscible with water. The surface tensions of liquid eutectic
systems are shown in Table 11.
Table 11 Surface tension of liquid eutectic systems (n=3)
Ratio of
Surface tension (mN/m r SD)
eutectic compounds
M:C
M:B
M:W
5:5
28.69 ± 0.54
28.04 ± 0.53
6:4
28.94 ± 0.17
28.10 ± 0.07
7:3
28.98 ± 0.11
28.16 ± 0.56
8:2
28.76 ± 0.20
28.23 ± 0.27
The liquid eutectic systems had good wetting with glass slide which
contact angles were lower than 90q as shown in Table 12. M:C exhibited a better
wetting than systems of M:B and M:W, respectively, due to lower viscosity and easier
spreading.
Table 12 Contact angle of liquid eutectic systems (n=3)
Ratio of
Contact angle (Degree r SD)
eutectic compounds
M:C
M:B
M:W
5:5
14.33 + 0.95
33.01 + 0.98
6:4
14.29 + 1.69
32.42 + 1.08
7:3
13.73 + 1.32
20.54 + 1.46
8:2
13.66 + 1.71
19.96 + 1.18
1.2.3. Sublimation and evaporation rates
Sublimation or evaporation rates at 35qC of menthol, camphor, borneol,
WS-3 and their liquid eutectic systems are shown in Fig. 7. The sublimation rate of
camphor was higher than that of menthol and borneol because the vapor pressure of
camphor (0.65 mm Hg at 25 qC) was higher than menthol (0.064 mm Hg at 25 qC) and
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borneol (0.003 mm Hg at 25 qC), respectively but WS-3 did not sublimated compound.
The evaporation rate of M:C was higher than M:B and M:W, respectively. However,
the evaporation rate of all liquid eutectics was lower than that of water which was
19.5391±0.2528 mg/h.cm2.

Sublimation or evaporation rate (mg/h.cm2)
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0
menthol camphor borneol
Figure 7

WS-3

M:C 5:5 M:B 8:2 M:W 6:4

Sublimation or evaporation rate at 35qC of eutectic compounds and liquid
eutectic systems (n=3)
1.3. Selection criteria of eutectic solvent

The 5:5 M:C exhibited the lowest viscosity and the highest evaporation rate.
The low viscosity property was suitable for use as solvent because the solute was easily
dispersed and dissolved with high concentration. The high evaporation rate was benefit
for the emulsion solvent evaporation process. Thus the 5:5 M:C was selected as eutectic
solvent for this research. The 5:5 M:C was reported as solvent or co-solvent for
ibuprofen (Gohel and Nagori, 2010), diclofenac diethylamine (Tyagi et al., 2012),
lornoxicam (Biswal et al., 2014), piroxicam and indomethacin (Schwarz and
Weisspapir, 2006). This solvent consisted of the compound which was synthesized to
mimic the natural compound with low toxicity and edible thus this solvent was
introduced as the green solvent (Parjikolaei et al., 2015).
1.4. Characterization of eutectic solvent
1.4.1. Melting behavior of menthol and camphor
The melting behavior under HSM of each eutectic compounds was taken.
The melting of menthol demonstrated at 35qC and completely melted at 43qC as shown
in Fig.8.
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Figure 8 Melting behavior of menthol under HSM at magnification of 100x
The melting behavior of camphor could not be observed under hot-stage
microscope. Camphor easily sublimated as found in the previous result in 1.2.3.
Because camphor greatly sublimated during the measurement of melting point. The
sublimation of camphor is shown in Fig.9.

30qC

70qC

80qC

85qC
86qC
88qC
Figure 9 Sublimation behavior of camphor under HSM at magnification of 100x
1.4.2. Eutectic behavior of M:C eutectic system
The physical appearance of menthol and camphor under inverted
microscope at magnification of 200x are shown in Fig. 10. The menthol and camphor
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powders were the clear crystals with irregular shape. When camphor contacted with
menthol, the eutectic behavior was observed. Menthol and camphor were liquefied as
shown in Fig.11.
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Menthol
Camphor
Figure 10 Physical appearance of menthol and camphor under inverted microscope at
magnification of 200x

Start

5 sec

10 sec

15 sec

20 sec

5 min

Figure 11 Eutectic behavior of menthol and camphor under inverted microscope at
magnification of 200x
1.4.3. Infrared spectroscopy (IR spectroscopy)
From the obtained IR spectra, menthol exhibited the O-H stretching of
hydroxyl group at 3,261 cm-1 whereas camphor exhibited the C=O stretching of
carbonyl group at 1,742 cm-1 (Chemical structure shown in appendix I) while the
eutectic system of 5:5 M:C exhibited the O-H stretching of menthol at 3,422 cm-1 and
exhibited the C=O stretching of camphor at 1,742 cm-1 as shown in Fig. 12.
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Figure 12 FTIR spectra of menthol, camphor and 5:5 M:C
The most eutectic phenomenon was reported as the hydrogen bonding of the
hydroxyl group in small molecules with the carbonyl group in another molecule (ChunWoong et al., 2012; Stott et al., 1998). The O-H stretching of menthol in eutectic system
at ratios of 1:9 to 5:5 M:C showed a constant wavenumber of 3,422 cm-1. For the ratios
of 6:4 to 9:1 the O-H stretching of menthol gradually decreased to 3,332 cm-1 and 3,261
cm-1 for pure menthol as shown in Fig. 13. This result represented the hydrogen bonding
of hydroxyl group of menthol and carbonyl group of camphor, At the ratios of 1:9 to
5:5 M:C, menthol completely formed the eutectic system with camphor thus the
wavenumber of OH stretching was constant and the wavenumber decreased when the
menthol was more than 50% indicated the excess amount of menthol to form the
eutectic system with camphor (Chun-Woong et al., 2012; Stott et al., 1998). This result
supported the DSC data which the eutectic point of the menthol-camphor eutectic
system was around 5:5 M:C.
In case of C=O stretching of camphor slightly shifted. The wavenumber of
C=O stretching at the ratios of 9:1 to 7:3 was 1,735 cm-1 which shifted from 1,742 cm-1
of pure camphor and other ratios (data in appendix I). This result confirmed that
menthol and camphor formed the hydrogen bonding. The previous researches reported
that the wavenumber shifted for the C=O stretching of carbonyl group to a lower
wavenumber indicated a hydrogen bonding formation of the hydroxyl group and
carbonyl group (Domınguez and Maugeri, 2011; Stott et al., 1998).
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Figure 13 Wavenumber of O-H stretching in the system comprising various amounts
of menthol
1.4.4. Differential scanning calorimetry (DSC)
The DSC thermogram of menthol, camphor and eutectic solvent are
shown in Fig. 14. The melting point of menthol and camphor was 47.82 and 177.33oC,
respectively and decreased to -1.17oC and 10.5oC for eutectic solvent. The melting point
of menthol from literature was about 40oC and gradually decreased when formed the
eutectic system with other compounds such as ibuprofen and lidocaine (Kang et al.,
2000; Yong et al., 2004). The melting point of camphor from literature was about 175
o
C and decreased by eutectic formation with lidocaine (Gala et al., 2014).

Endothermic

Menthol
Camphor
Eutectic solvent

-20

0

20

40

60

80 100 120 140 160 180
Temperature (qC)
Figure 14 DSC thermograms of menthol, camphor and eutectic solvent

1.4.5. Simple phase diagram
The DSC data have been used to investigate the melting properties of
eutectic system at various ratios to obtain the simple phase diagram (Stott et al., 1998).
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The simple phase diagram of an M:C eutectic system is shown in Fig. 15. The eutectic
point and eutectic temperature were between 50-60% menthol and -1oC, respectively.
Both of menthol and camphor were reported as eutectic compound. The eutectic point
of menthol:lidocaine and menthol:ibuprofen were 7:3 and 4:6, respectively, and the
eutectic temperature was about 25 oC (Yong et al., 2004; Kang et al., 2000). The melting
point of camphor which formed eutectic with lidocaine at the ratio of 1:1 decreased to
165.31 oC (Gala et al., 2014).
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Figure 15 Phase diagram of menthol and camphor eutectic system
1.4.6. Thermogravimetric analysis (TGA)
The weight loss under heat condition with open system was investigated
using TGA. The temperature of the highest rate of weight loss was indicated by a peak
in the dTGA data and the degradation rate (at 10qC /min heating rate) was calculated
from the slope of the TGA thermogram as shown in Table 13.
Table 13 TGA parameters of menthol, camphor and eutectic systems
Onset
Peak of
100% weight loss
temperature
dTGA
Sample
temperature (qC)
(qC)
(qC)
M
108.44
164.27
144.97
C
108.35
171.99
148.59
5:5 M:C
108.17
168.88
147.68
6:4 M:C
108.92
162.67
151.43
7:3 M:C
108.58
167.11
157.15
8:2 M:C
108.99
174.90
158.82

Weight loss
rate
(%/oC)
1.87
1.74
2.16
1.98
1.72
1.64
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% Weight

All samples showed similar weight loss patterns with being one step. The weight
loss patterns of menthol and camphor were not different as shown in Fig.16. The weight
loss of menthol and camphor related to the evaporation of melted menthol and
sublimation at this test condition. The onset temperature of weight loss and weight loss
rate of all samples were about 108oC and 2.0%/qC, respectively, which the ratio of 5:5
M:C exhibited the highest weight loss rate because this ratio menthol and camphor were
completely liquid eutectic as this ratio was eutectic point. Whereas, the total weight loss
temperatures and peaks of dTGA data were slightly different. However, menthol and
camphor sublimated at room temperature with slow rates thus the weight loss in this
experiment was not significantly detected.
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Figure 16 TGA thermograms of menthol, camphor and 5:5 M:C

300

1.4.7. Quantity determination of menthol and camphor
Retention times from GC analysis of menthol and camphor were 9.5 and
8.5 min, respectively. This result confirmed that camphor was easily evaporated than
menthol hence the camphor peak was found before the menthol peak. The standard
curve equation of menthol was y = 0.3441x – 2.3121 with r2 = 0.9997 in the range 20 –
750 Pg/mL and the standard curve equation of camphor was y = 0.3364x – 2.4046 with
r2 = 0.9997 in the range 20 – 750 Pg/mL which validated as presented in appendix I.
1.4.8. Evaporating rate of menthol and camphor from the eutectic
solvent
The evaporation rates of menthol and camphor were 0.054±0.005 and
0.085±0.003 mg/h.cm2, respectively. Camphor exhibited a higher evaporation rate as
previously mentioned. The evaporation rate of menthol and camphor were different.
This result supported the FTIR that menthol and camphor did not alter the chemical
functional group and did not form a chemical reaction.
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2. Selection of model drug
2.1. Preparation of drug solution in the selected liquid eutectic
Indomethacin, paracetamol, clotrimazole, metronidazole and nevirapine
could be loaded in eutectic solvent less than 1%. While ibuprofen and azithromycin
could be loaded up to 30% w/w and 15% w/w, respectively. Therefore ibuprofen was
selected as model drug in this research.
2.2. Characterization of ibuprofen eutectic solution
2.2.1. Viscosity and rheology
Viscosity of ibuprofen eutectic solution increased as its concentration
increased (Fig. 17). The rheology behaviors of 5% w/w to 30% w/w ibuprofen eutectic
solutions were Newtonian flow without hysteresis loop as shown in Fig. 18.
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Figure 17 Viscosity of ibuprofen eutectic solution (n=3)
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Figure 18 Rheology behavior of ibuprofen eutectic solutions (n=3)
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2.2.2. Infrared spectroscopy (IR spectroscopy)
From FTIR, the carboxyl group of ibuprofen (Chemical structure of
ibuprofen show in appendix II) exhibited C=O stretching at 1,732 cm-1 and C-H
stretching and O-H stretching at 2,800 – 3,200 cm-1 as shown in Fig.19. The IR spectra
of the 30% w/w ibuprofen eutectic solution showed the same pattern as the eutectic
solvent because the spectrum of ibuprofen overlapped with those of menthol and
camphor. This indicated that ibuprofen dissolved or melted in the eutectic solvent as
many research works have reported and ibuprofen exhibited as the eutectic compound
(Newa et al., 2007; Yong et al., 2004; Stott et al., 1998), but did not exhibit a chemical
reaction with eutectic solvent. However, the eutectic system of ibuprofen-terpene
compound (menthone, menthol, thymol and cineole) exhibited the shift of C=O
stretching of ibuprofen indicating the hydrogen bonding of ibuprofen and terpene
compound (Stott et al., 1998).
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Figure 19 IR spectra of ibuprofen powder, eutectic solvent and ibuprofen eutectic
solution
2.2.3. Quantity determination of ibuprofen
The retention time of ibuprofen was 13.5 min. The standard equation of
ibuprofen was y = 1446.5x + 21.678 with r² = 0.9992 in the range of 0.2-1.2 mg/mL
which validated as presented in appendix II.
2.2.4. Solubility study of ibuprofen
The solubility of ibuprofen in water, PBS pH 7.2, EtOH, MeOH, DMSO,
NMP and eutectic solvent are shown in Fig.20. The highest solubility was occurred in
DMSO then NMP, MeOH and EtOH, respectively. The solubility of ibuprofen in
eutectic solvent was lowest in the group of non-aqueous solvents, nevertheless it's
higher than that in water (9.81 ± 2.71 μg/mL) about 31 u 103 folds and higher than that
in PBS pH 7.2 (4.57 ± 0.09 mg/mL) about 60 folds.
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Figure 20 Solubility of ibuprofen in different solvents (n=3)
The solubility of ibuprofen in this eutectic solvent (5:5 M:C) was
282.11±6.67 mg/mL (n=3) or 29.69±0.70 % w/w (the specific density of saturated
ibuprofen eutectic solution in 5:5 M:C was 0.9505±0.0005 g/mL (n=3)). The previous
study reported the solubility of ibuprofen in the eutectic mixture containing equal parts
of menthol and camphor was >160 mg/mL (Gohel and Nagori, 2010).
2.2.5. Water solubility of ibuprofen from ibuprofen eutectic solution
The amounts of solubilized ibuprofen in water of raw material and an
30% w/w ibuprofen eutectic solution were 9.81 ± 2.71 μg/mL and 40.4±8.8 μg/mL
(n=3), respectively. Therefore, this eutectic solvent could enhance the drug solubility
in water by about 4 folds. From previous work, the water solubility of eutectic system
of 4:6 menthol:ibuprofen increased 2.5 folds compared with ibuprofen powder (Yong
et al., 2004).
2.2.6. Differential scanning calorimetry (DSC)
A DSC thermogram of ibuprofen showed a sharp melting endothermic
peak at 77.83qC, onset at 75.71qC and enthalpy of 123.48 J/g. The lower saturated (20%
w/w), saturated (30% w/w) and over saturated concentrations (50% w/w) of ibuprofen
in eutectic solvent were investigated. There was no endothermic peak in the lower
saturated and saturated concentrations of ibuprofen because the ibuprofen was
completely dissolved as shown in Fig.21.
In the case of the over saturated concentration (50% w/w), the DSC
thermogram showed a broad endothermic peak at 49.53qC, onset at 27.57qC and
enthalpy was 27.73 J/g indicating suppression of drug melting point as shown in Fig.21.
Therefore ibuprofen could occur within the eutectic phenomenon (Stott et al., 1998; Liu
et al., 1995) with eutectic solvent but did not form a chemical reaction.

Endothermic
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Figure 21 DSC thermograms of ibuprofen powder and ibuprofen eutectic solution
2.2.7. Thermogravimetric analysis (TGA)
The weight loss of ibuprofen related with melting and evaporation. The
onset temperature and total weight loss temperature of ibuprofen powder were
205.16qC and 273.35qC, respectively. Its dTGA peak was at 247.70qC and its
evaporation rate was 1.92%/qC which showed the same trend as previous work that the
evaporation of ibuprofen started at about 190qC, ends at 277qC and the dTGA peak was
at 255qC (Xu et al., 2004).
The weight loss pattern of 20% w/w ibuprofen eutectic solution showed 2
steps of weight loss with the first step being eutectic solvent evaporation and next step
being ibuprofen evaporation as showed in Fig. 22. The onset temperature and dTGA
peak of first step were 103.48qC and 152.35qC, respectively, while the evaporation rate
was 1.13%/qC. The onset temperature and dTGA peak of second step were 202.17qC
and 220.55qC, respectively, while the evaporation rate was 0.41%/qC. The total weight
loss temperature was 229.94oC. The onset temperature of ibuprofen evaporation from
this eutectic solution was about 3qC lower than ibuprofen raw material. The evaporation
behavior of ibuprofen eutectic solution changed. The complete weight loss temperature
decreased by about 43qC and the weight loss rate decreased from 1.92 to 0.41%/qC
because ibuprofen completely formed the eutectic with eutectic solvent and liquefied.
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Figure 22 TGA thermograms of ibuprofen, eutectic solvent and ibuprofen eutectic
solution
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2.2.8. Sublimation and evaporation rate
Both menthol and camphor are sublimate substances therefore their
eutectic systems (eutectic solvent and ibuprofen eutectic solution) should be volatile
liquids. Typically, the sublimation or evaporation rates depend on the applied
temperature as show in Fig. 23. Sublimation of ibuprofen powder at any employed
experimental temperatures was negligible (0.03 ± 0.02 mg/h.cm2 at 35qC to 0.06 ± 0.03
mg/h.cm2 at 65qC) but at 85qC melted ibuprofen exhibited evaporation rate of 0.12 ±
0.03 mg/h.cm2. Water was used as the control compound. The sublimation or
evaporation rate depended on temperature. The previous result from TGA indicated that
sublimation of camphor and evaporation of menthol and eutectic solvent were similar
pattern under the consecutive heating condition to 500oC. But this experimental
temperature range was 35oC to 85oC with constant temperature for 8 hour. Menthol
demonstrated lower apparent sublimation rate than camphor because the vapor pressure
of menthol is lower and a molecule of menthol has hydroxyl group that can form
hydrogen bonding with other menthol molecules. The evaporation rate of eutectic
solvent was lower than the sublimation rate of camphor but higher than that of menthol.
The evaporation rate of the ibuprofen eutectic solution was lower than that of the
eutectic solvent because ibuprofen did not sublimate or evaporate in this condition and
the more the amounts of non-evaporated molecules, the more the interference with the
evaporation rate. The sublimation and evaporation rates are showed in Fig. 23.
However, all systems exhibited dramatically lower values than water that exhibited the
evaporation rate of 14.23 ± 0.43 mg/h.cm2 at 35qC to 170.57 ± 12.29 mg/h.cm2 at 85qC.
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Figure 23 Sublimation or evaporation rates at various temperatures (n=3)
3. Preparation and characterization of ibuprofen eutectic emulsion
3.1. Preparation of ibuprofen eutectic emulsion
The ibuprofen eutectic emulsion was a white turbid emulsion which a
unique flavor of menthol and camphor.
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3.2. Characterization of ibuprofen eutectic emulsion
3.2.1. Inverted microscope
Under the inverted microscope at magnification of 200x, the fine
emulsion droplets were observed. The droplets were homogenous without solid
particles in the eutectic emulsion as shown in Fig. 24.
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Figure 24 Eutectic emulsion under inverted microscope at magnification of 200x
3.2.2. Viscosity and rheology
The viscosity of eutectic emulsion was 1.62 ± 0.05 cPs and rheology
behavior was Newtonian flow without hysteresis loop as shown in Fig. 25.
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Figure 25 Rheology behavior of eutectic emulsion (n =3)
3.2.3. Droplet size and zeta potential
Droplet size of eutectic emulsion was 224.07 ± 3.86 nm and zeta potential
of eutectic emulsion was -11.33 ± 0.50 mV. This eutectic emulsion was nanoemulsion
which negative charge due to the carboxyl group of ibuprofen with exhibited the
negative charge on surface (Momoh et al., 2014). This zeta potential value was not
enough for stable nanoemulsion, however, this eutectic emulsion would transform into
the suspension in the final thus it could be negligible in this part.
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4. Preparation of suspension
4.1. Eutectic emulsion solvent evaporation method
The eutectic solvent in eutectic emulsion was gradually evaporated and the
emulsion droplets were transformed into the solid particles. The solid particles were
occurred at the second day of evaporation as observed under inverted microscope as
shown in Fig. 26. The eutectic emulsion without ibuprofen was prepared. In day fifth
of evaporation the emulsion turned into clear solution indicated that the eutectic solvent
was completely removed from the emulsion. The morphology of C1 and C2 were
shown in Fig. 27. The particles of C1 were the fragments of ibuprofen crystals that were
broken down with mechanical force of homogenization and ultrasonication. For the
particles of C2 were as same as the particles of S3 (Fig. 26D) which were a needle like
as same as the ibuprofen powder but exhibited the smaller size. The crystallized
ibuprofen from methanol and ethanol showed a polyhedral crystal habit, while
crystallization from hexane showed in needle-like crystals (Nokhodchi et al., 2010).
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Figure 26 Transformation of eutectic emulsion into suspension at magnification of 200x
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Figure 27 Morphology under inverted microscope of C1 and C2 at magnification of
200x
The particle size and zeta potential of S3, C1 and C2 are shown in Fig. 28
which significantly different when analyzed by one way ANOVA and Post-hoc test at
p value <0.05 (n=3). The suspension prepared by eutectic emulsion solvent evaporation
method exhibited the smallest particle size and highest zeta potential values. S3
suspension showed the significantly larger particle size and higher zeta potential than
eutectic emulsion when analyzed by t-test at p value <0.05 (n=3).This transformation
process had been investigated profoundly in the next part.
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Figure 28 Particle size and zeta potential of eutectic emulsion and suspension (n=3)
* The particle size was significantly different from eutectic emulsion.
+
The zeta potential was significantly different from eutectic emulsion.
All results were analyzed by t-test at p value <0.05 (n=3).
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4.2. Factors influencing the transformation process
4.2.1. Concentration of stabilizer
The particles of S1, S2 and S3 under inverted microscope were needle-like
shape as shown in Fig.29. Viscosity of S1, S2 and S3 were 1.32 ± 0.05, 1.46 ± 0.07 and
1.60 ± 0.03 cPs, respectively, with Newtonian flow behavior without hysteresis loop as
shown in Fig. 30.
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Figure 29 Morphology under inverted microscope of S1, S2 and S3 at magnification
200x
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Figure 30 Rheology of S1, S2 and S3 (n=3)
The particle size significantly decreased as the concentration of tween80
increased when analyzed by one way ANOVA and Post-hoc test at p value <0.05 (n=3).
Tween80 affected an interfacial tension of the nuclei surface that promoted the
nucleation rate therefore an increased tween 80 could decrease the particle size
(McClements, 2012). The zeta potential significantly decreased as the concentration of
tween80 increased (p <0.05) due to adsorption of tween80 on the particle surface (Singh
et al., 2011). In previous research, particle size and zeta potential of diclofenac
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nanosuspension reduced as the concentration of tween 80 increased (Swamy et al.,
2013). The particle size and zeta potential of S1, S2 and S3 are shown in Fig.31.
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Figure 31 Particle size and zeta potential of S1, S2 and S3 (n=3)
4.2.2. Concentration of drug
The morphology under inverted microscope at magnitude of 200 of D1
and D2 are shown in Fig. 32. When the lower concentration of ibuprofen eutectic
solution was used, the amount of internal phase was increased to keep the final amount
of drug in the suspension. The higher amount of eutectic solvent needed a longer time
for evaporation thus the D1 and D2 could not be completely removed the eutectic
solvent from eutectic emulsion. The morphology under inverted microscope of D1
showed the droplets without the solid particles and D2 showed both the solid particles
and the droplets after 5 day evaporation indicated that the suspension preparation by
eutectic emulsion solvent evaporation method should apply with the highest
concentration of drug to minimize the amount of eutectic solvent in the formula.

D1
D2
Figure 32 Morphology under inverted microscope of D1 and D2 at magnification 200x
4.2.3. Phase ratio of emulsion
The particle morphology under inverted microscope of P1, P2 and P3
were shown in Fig. 34. Viscosity of P1, P2 and P3 were 1.33 ± 0.03, 1.36 ± 0.03 and
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1.44 ± 0.03 cPs, respectively, and exhibited the Newtonian flow behavior without
hysteresis loop as shown in Fig. 34.

P1
P2
P3
Figure 33 Morphology under inverted microscope of P1, P2 and P3 at magnification
200x
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Figure 34 Rheology behavior of P1, P2 and P3 (n=3)
The particle sizes of S3, P1, P2 and P3 were not different, whereas, the
zeta potential was significantly higher when the final volume increased when analyzed
by one way ANOVA and Post-hoc test at p value <0.05 (n=3), as shown in Fig. 35 due
to higher water volume hence a concentration of tween80 decreased as dilution effect.
Therefore the decreased internal phase/external phase ratio with dilution of emulsion
affected the particle size and zeta potential.
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Figure 35 Particle size and zeta potential of S3, P1, P2 and P3 (n=3)
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4.2.4. Viscosity of external phase
The morphology from inverted microscope of X1 and X2 as shown in
Fig.36 exhibited the small particles with the larger particles of aggregation of needlelike shape crystals but the X3 exhibited the small particles without the large particles.
The viscosity significantly increased as the concentration of xanthan gum increased
(p<0.05), and exhibited the Newtonian flow for X1 but X2 and X3 showed a
pseudoplastic flow without hysteresis loop as shown in Figs. 37 and 38, respectively.

X1
X2
X3
Figure 36 Morphology under inverted microscope of X1, X2 and X3 at magnification
200x.
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Figure 37 Viscosity of S3, X1, X2 and X3 (n=3)
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Figure 38 Rheology behavior of X1, X2 and X3 (n=3)
The particle size of X1 and X2 was significantly different from S3 and
that of X3 was significantly smaller than S3, X1 and X2 (p<0.05), because the viscosity
of the medium increased which decreased the diffusion of drug molecule and inhibited
the crystal growth with Ostwald ripening (McClements, 2012; Verma et al., 2011).
Xanthan gum was anionic polymer which was recommended for use as nanosuspension
stabilizer. The zeta potential significantly increased from S3 (p<0.05),) as the
concentration of xanthan gum increased as shown in Fig.39.
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Figure 39 Particle size and zeta potential of S3, X1, X2 and X3 (n=3)
* The particle size was significantly different from S3.
** The particle size was significantly different from X1 and X2, respectively.
+
The zeta potential was significantly different from S3.
All results were analyzed by one way ANOVA and Post-hoc test at p value < 0.05 (n=3).
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5. Formulation of nanosuspension
5.1. Preparation of nanosuspension
The eutectic emulsion was prepared as described previously, and diluted to
125 mL with different dilution media. All diluted emulsion was turbid white emulsion
before transforming into nanosuspension.
5.2. Characterization of nanosuspension
5.2.1. Viscosity and rheology
The viscosity of M3 was higher than M2 and M1, respectively. Glucose
was added as the sweetener which could increase the viscosity of formulation when
used at high concentration and xanthan gum was incorporated as the viscosity inducing
agent. The ultrasonication promoted the depolymerization of xanthan gum (Milas et al.,
1986) therefore the viscosity of Ms3 significantly decreased from M3 (p<0.05) when
analyzed by t-test but not significantly affected for M1 and M2 as shown in Fig 40. The
rheology of M1, Ms1, M2 and Ms2 exhibited a Newtonian flow without hysteresis loop
but M3 and Ms3 exhibited the pseudoplastic flow without hysteresis loop as shown in
Fig.41.

Viscosity (cPs)

ม
ส
ด
ุ
อ
ก
ห
ลาง
ก
ั
น
ำ
ส

35
30
25
20
15
10
5
0

*

M1

Ms1

M2

Ms2

M3

Ms3

Shear stress (D/cm2)

Figure 40 Viscosity of M1, Ms1, M2, Ms2, M3 and Ms3 (n=3)
* The viscosity of Ms3 was significantly different from M3 when analyzed by t-test at
p value <0.05 (n=3).
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Figure 41 Rheology behavior of M1, Ms1, M2, Ms2, M3 and Ms3 (n=3)
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5.2.2. Particle size and zeta potential
The particle size of M2 and M3 (Fig.42) were significantly different from
M1 (p<0.05) because the higher viscosity of external phase could inhibit the crystal
growth and Ostwald ripening. The ultrasonication broke down the ibuprofen suspension
to the ibuprofen nanosuspension. However, the particle size of Ms3 was significantly
higher than Ms1 and Ms2 (p<0.05) because xanthan gum obstructed the cavitation force
of ultrasonication (Santos et al., 2009).
Because the addition of xanthan gum affected the zeta potential as
previously discussed. The zeta potential of M3 and Ms3 were significantly higher than
M1, Ms1, M2 and Ms2 (p<0.05) (Fig.42). The zeta potential of Ms1 and Ms2 were
significantly different from M1 and M2 (p<0.05). The surface area increased as particle
size decreased. The increment of surface area decreased the adsorption of tween 80 on
the particle surface so the zeta potential increased.
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Figure 42 Particle size and zeta potential of M1, M2 and M3 (n=3)
* The particle size was significantly different from M1.
** The particle size of Ms1, Ms2 and Ms3 were significantly different from M1, M2
and M3, respectively.
*** The particle size was significantly different from Ms1 and Ms2.
+
The zeta potential was significantly different from other group.
++
The zeta potential of Ms1 and Ms2 were significantly different from M1 and M2,
respectively.
All results were analyzed by one way ANOVA and Post-hoc test at p value <0.05 (n=3).
5.3. Selection of dilution medium
The use of dilution media 2 and 3 promoted the significantly smaller particle
size comparing to that using dilution medium 1. Xanthan gum in dilution medium 3
obstructed the cavitation of ultrasonicator thus the efficacy of particle size reduction

58
decreased. The smallest particle size was occurred when the dilution medium 2 (12.5 g
glucose and water qs to 100 mL) was used hence the dilution medium 2 was selected
for nanosuspension formulation. However, the zeta potential value was not the
recommended zeta potential for stable nanosuspension which stabilized by electrostatic
repulsion mechanism (more than ± 30 mV) (Singh et al., 2011). When dilution medium
2 was used, xanthan gum should be added in the formulation after ultrasonication to
obtain the stable nanosuspension without obstruction of particle size reduction by
ultrasonication. The control nanosuspension exhibited the particle size and zeta
potential of 7407.33 ± 144.02 nm and -2.99 ± 0.18 mV (n=3), respectively. This result
indicated that the combination of eutectic emulsion solvent evaporation with
ultrasonication was better than the individual technique.
Azithromycin nanosuspension was prepared which the same method of
ibuprofen nanosuspension as mentioned in 5.1 of chapter 3. The final formula of
azithromycin nanosuspension is shown in Table 14.
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Table 14 Formula of azithromycin nanosuspension
Substance
Azithromycin
Tween 80
Glucose
Water

Amount
0.5 g
0.5 g
12.5 g
qs to 25 mL

The particle size and zeta potential of azithromycin nanosuspension before
ultrasonication were 1,839.33 ± 81.88 nm and -5.71 ± 0.28 mV (n=3), respectively.
After ultrasonication, the particle size and zeta potential of azithromycin
nanosuspension were 940.87 ± 13.37 nm and -4.18 ± 0.72 mV (n=3), respectively. The
morphology of azithromycin powder and azithromycin nanosuspension before and after
ultrasonication are shown in Fig. 43. This result indicated that eutectic emulsion solvent
evaporation and ultrasonication method was able to be used for nanosuspension
preparation.

Azithromycin powder

Azithromycin
nanosuspension
(before ultrasonication)

Azithromycin
nanosuspension
(after ultrasonication)

Figure 43 Morphology of azithromycin powder and azithromycin nanosuspension
before and after ultrasonication (200x)
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Previous works reported, the preparation of nanosuspension with emulsion
solvent evaporation technique, the drug was dissolved in the volatile organic solvent
which was partially water miscible or water immiscible as internal phase of emulsions
and transformed into nanosuspension with solvent diffusion, extraction or evaporation
processes. Celecoxib dissolved in ethyl acetate and ibuprofen dissolved in ethanol as
internal phase to transform into nanosuspensions with emulsion diffusion method
witproviding particle sizes of 140 to 700 nm and 18.7 to 161 nm, respectively (Dolenc
et al., 2009; Pignatello et al., 2002).
5.4. Investigation of transformation mechanism of droplets into
particles
5.4.1. Morphology change
The ibuprofen eutectic emulsion was a white turbid emulsion with a
unique flavor of menthol and camphor. On the evaporation process, the eutectic solvent
in an internal phase droplet continuously evaporated. The change of morphology under
the inverted microscope could not be observed within 48 h and the transformation of
droplets into particles was observed after adjustment of the volume as shown in Fig.44.
The melted ibuprofen had been reported that it could be a liquid for a long time due to
its low glass transition temperature (Tg) and this melted drug from melt solidification
technique was induced and transformed into crystal by agitation (Maheshwari et al.,
2003; Paradkar et al., 2003). The correlation of Tg and crystallization temperature (Tcr)
of BaNaB9O15 glass was investigated. The system exhibiting the low Tg promoted the
low Tcr (Vaish and Varma, 2009). This correlation indicated that the lower Tg system
required the higher activation energy for the crystallization than the higher Tg system.
Ibuprofen had the low Tg therefore the melted ibuprofen required the high activation
energy for crystallization. The adjustment of the final volume applying the external
force to the system provoked the drug crystallization. The particle size of crystallized
ibuprofen was larger than the parent emulsion droplet that representing the crystal
growth and Ostwald ripening after the crystallization and the crystal shape was a
needle-like that depended on the lattice property of crystallized ibuprofen from the
hydrophobic solvent as the previous reported of crystallization of ibuprofen in hexane
(Nokhodchi et al., 2010). As the result of water solubility of ibuprofen from eutectic
solution, the external phase has the solubilized ibuprofen which partition from the
internal phase due to the water solubility enhancement of eutectic system. Therefore
this phenomena supported the crystal growth and Ostwald ripening of this system after
the ultrasonication which generated the cavitation force to break down the large
particles into the nanoparticles as show in Fig.44.
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Figure 44 Transformation of eutectic emulsion into nanosuspension (200x)
5.4.2. Particle size and zeta potential
The droplets size increased with time and significantly enlarged at 24 h
(p < 0.05) because of the Ostwald ripening and coalescence of internal droplets. As the
previous result of water solubility of ibuprofen from ibuprofen eutectic emulsion that
represented the solubility enhancement of ibuprofen in water thus the Ostwald ripening
was promoted. The transformation of droplets into the particles was occurred after
adjustment the volume as shown in the image under the inverted microscope. The
particle size of obtained crystals significantly decreased to 565 ± 61.5 nm (p < 0.05)
after sonication which generated the cavitation force to break down the large particles
into the nanoparticles as show in Fig.45. The combination of emulsion solvent
evaporation (diffusion) method with sonication was reported for fabricating the
polymeric ocular nanosuspension. The average size of polymeric ocular
nanosuspension was 100 to 300 nm (Dandagi et al., 2009). Moreover, ultrasonication
was reported as the key point for high stability of suspension which was prepared by
melt emulsification and sonication method. The melted drug did not instantly
crystallized. Soft particles initially aggregated slowly during cooling process and
obtained the non-stable suspension when the particle size increased in one week but
when the ultrasonication was applied the stable suspension was successfully obtained
(Vizzotti, 2013).
The zeta potential of ibuprofen was negative charge because of carboxyl
group in the chemical structure (Momoh et al., 2014). On the evaporation process the
zeta potential of emulsion gradually decreased before transformation occurred. The
total volume of emulsion gradually decreased due to evaporation of water and eutectic
solvent therefore the concentration of tween80 increased and the zeta potential
decreased because the adsorption of tween 80 which was non-ionic surfactant on
surface increased (Singh et al., 2011). When the droplet was transformed into the
particle, zeta potential increased. During transformation process, ibuprofen molecules
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were condensed and formed into the crystal (McClements, 2012) with its particle
exhibiting the higher zeta potential than emulsion. The particle size and the zeta
potential of droplets and particles at each sampling times are shown in Fig. 45.
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Figure 45 Droplet/particle size and the zeta potential of ibuprofen eutectic emulsion
and ibuprofen particles (n=3)
* The particle size was significantly different from the eutectic emulsion (0 h).
** The particle size was significantly different from the suspension after volume
adjustment.
+
The zeta potential was significantly different from the eutectic emulsion (0 h).
++
The zeta potential was significantly different from the suspension after volume
adjustment.
All results were analyzed by one way ANOVA and Post-hoc test at p value <0.05 (n=3).
5.4.3. Amount of menthol and camphor during evaporation process
The standard equations of menthol and camphor with validation were
mentioned in 1.4.7. The residues of menthol and camphor in the eutectic emulsion
progressively decreased. The evaporation rate of menthol was less than that of camphor
from the eutectic emulsion. The molecular weight of menthol (156.27 g.mol-1) was
higher than camphor (152.23 g.mol-1) and the vapor pressure of menthol (0.064 mmHg
at 25qC) was lower than camphor (0.65 mmHg at 25qC). The amount of menthol and
camphor in the eutectic emulsion were undetectable after 24 h and 48 h, respectively as
presented in Fig. 46.
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Figure 46 Amounts of menthol and camphor in eutectic emulsion during evaporation
process (n=3)
The concentration of menthol, camphor and ibuprofen in internal phase
at each time of evaporation were calculated as shown in Table 15. From the calculated
data, ibuprofen was in the supersatulation level at 8 h of evaporation which
simultaneously crystallization, however, the crystallization of ibuprofen during
evaporation did not observe under inverted microscope and this phenomena was
confirmed with DSC in next part.
Table 15. Calculated amount of ibuprofen, menthol and camphor in internal phase at
the time (n=3)
Amount of compound in internal phase
Melting point of
at each time of evaporation (%)
ibuprofen
Time
at each time of
(h)
Menthol
Camphor
Ibuprofen
evaporation (qC)
8
38.87 ± 1.03
17.32 ± 4.77
43.81 ± 4.26
41.50
16
28.86 ± 4.87
1.52 ± 1.59
69.62 ± 6.44
57.67
24
24.46 ± 1.07
0.00
75.54 ± 1.07
61.67
32
14.40 ± 1.45
0.00
85.60 ± 1.45
66.17
40
6.67 ± 1.47
0.00
93.33 ± 1.47
70.67
48
0.00
0.00
100
77.33
5.4.4. Differential scanning calorimetry (DSC)
The melting point of ibuprofen powder was 77.33qC and on the heating
step, the melting point of ibuprofen in affined internal phase (prepared as the calculated
data in Table 15) increased as the evaporation time increased because the amount of
ibuprofen in the sample increased as shown in Table 15 and the melting suppression of
eutectic effect decreased. On the 24 h to 40 h of evaporation which internal phase were
mixture of menthol and ibuprofen, the DSC thermograms exhibited two peaks of
melting, the first peak at 10qC represented the melting of eutectic system of menthol
and ibuprofen and the second peak was the melting of excess ibuprofen as the ibuprofen
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has been reported as eutectic compound with menthol (Yong et al., 2004; Stott et al.,
1998).
The DSC thermograms from heating and cooling steps of affined internal
phase at each time of evaporation are shown in Fig. 47. On the cooling step, the
endothermic peak from crystallization did not occur in both of ibuprofen powder and
affined internal phase as the images under inverted microscope. The Tg of ibuprofen
powder was not found but had been reported at -45.15qC (Dudognon et al., 2008).
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Figure 47 DSC thermograms of ibuprofen powder and affined internal phase at
each time of evaporation
The DSC thermogram of demonstrated internal phase after evaporation
for 24 h is shown in Fig. 48. The Tg of ibuprofen in demonstrated internal phase was at
-58.95qC because the Tg was reduced by this eutectic solvent as previously reported
about the reducing Tg of lidocaine by eutectic formation (Lazerges et al., 2010). On this
experimental data, ibuprofen should be crystallized at 16 h because the concentration
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Endothermic

of ibuprofen in an internal phase was higher than the saturation level. In addition, the
melting point of ibuprofen was higher than the evaporation temperature but the image
under inverted microscope indicated that the internal phase did not crystallized until the
adjustment of the final volume was conducted as previously discussed. Thus the
crystallization of ibuprofen did not occurred through the evaporation process.
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Figure 48 DSC thermogram of ibuprofen in demonstrated internal phase at 24 h of
evaporation
5.4.5. Interfacial tension of internal phase and external phase (JOW)
The concentration of tween 80 and glucose in external phase at each time
of evaporation were calculated as shown in Table 16. The interfacial tension of an
internal phase and an external phase reduced with evaporation time as shown in Table
17, because concentration of tween80 increased. During the evaporation process, the
internal phase and water as external phase were continuously evaporated thus the total
concentration of tween80 increased.
Table 16 Calculated amount of tween80, glucose and water in external phase at the time (n=3)
Amount of compound in internal phase at each time of evaporation (%)
Time (h)
Tween 80
Glucose
Water
8.00
0.51 ± 0.02
12.72 ± 0.38
86.77 ± 0.40
16.00
0.70 ± 0.03
17.46 ± 0.69
81.84 ± 0.71
24.00
0.77 ± 0.06
19.31 ± 1.49
79.92 ± 1.55
32.00
0.81 ± 0.04
20.30 ± 0.93
78.89 ± 0.96
40.00
0.94 ± 0.05
23.48 ± 1.31
75.58 ± 1.36
48.00
1.04 ± 0.06
25.93 ± 1.60
73.04 ± 1.67
Table 17 Interfacial tension of internal phase and external phase during evaporation
process (n=3)
Density (g/mL)
Interfacial tension
Time (h)
Internal phase
External phase
(JOW) (mN/m)
8
0.96109 r 0.0007
1.07610 r 0.0004
8.41 r 0.13
16
0.99246 r 0.0002
1.09877 r 0.0005
7.94 r 0.04
24
1.00192 r 0.0009
1.10973 r 0.0001
7.80 r 0.08
32
1.02171 r 0.0003
1.14701 r 0.0007
7.45 r 0.10
40
1.02272 r 0.0003
1.15306 r 0.0014
6.87 r 0.10
48
1.03937 r 0.0008
1.21414 r 0.0003
6.40 r 0.09
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Contact angle of liquid phase
on ibuprofen plate (q)

5.4.6. Contact angle of internal phase (TO) and external phase (TW)
on drug crystal
The contact angle represented the wetting property of the liquid on the
solid surface which related with the spreading ability that depending on viscosity of the
liquid and interfacial tension (Parikh, 2010). During the evaporation process, the total
concentration of solute content in internal phase and external phase increased thus the
viscosity increased. The contact angle of internal phase and external phase increased
with the evaporation time due to an increased viscosity as shown in Fig. 49. The contact
angle of the internal phase was lower than the external phase at all time of evaporation
indicating that the ibuprofen crystal wetted with internal phase easier than the external
phase. When the crystallization occurred, the ibuprofen crystal should form inside the
oil droplet.
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Figure 49 Contact angle of internal phase and external phase on ibuprofen crystal
during evaporation process (n=3)
5.4.7. Dewetting on crystallization process
The calculated dewetting of ibuprofen crystal during evaporation was 4.80 7.88 which was not favorable for this eutectic emulsion solvent evaporation method as
exhibited in Table 18 thus the crystallization occurred within droplets (Spicer and Hartel,
2005). In this study, the ibuprofen crystals were larger than emulsion droplet signified that
the crystal growth and Ostwald ripening were occurred after crystallization.
Table 18 Calculated dewetting of ibuprofen crystal during evaporation process (n=3)
Interfacial tension
contact angle of internal
phase on ibuprofen plate
Time (h)
(JOW)
Dewetting
(TO) (q ± SD)
(mN/m r SD)
8
7.88
8.41 r 0.13
20.46 r 0.79
16
7.94 r 0.04
22.65 r 1.20
7.32
24
7.80 r 0.08
30.71 r 1.31
6.71
32
6.03
7.45 r 0.10
36.03 r 1.16
40
6.87 r 0.10
40.31 r 1.54
5.24
48
6.40 r 0.09
41.35 r 1.52
4.80
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The schematic of transformation mechanism of ibuprofen eutectic
emulsion into ibuprofen nanosuspension is demonstrated in Fig. 50. During the
evaporation process, camphor and menthol evaporated from the internal droplet and
ibuprofen was in the supersaturation level, however, the ibuprofen crystallization did
not found during evaporation process but it occurred when water was added to adjust
the final volume as the mechanical force of mixing involved the crystallization of
ibuprofen. As the dewetting result ibuprofen crystallization was occurred inside droplet
then crystal growth and Ostwald ripening followed thus the particle size of ibuprofen
was higher than emulsion droplet. Finally, the ultrasonication was applied to obtain the
ibuprofen nanosuspension.
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Figure 50 Schematic of transformation mechanism of ibuprofen eutectic emulsion into
ibuprofen nanosuspension
5.5. Formulation of ibuprofen nanosuspension
Ibuprofen nanosuspension was prepared by eutectic emulsion solvent
evaporation and ultrasonication technique. As the previously result, the smallest
particle size was obtained when dilution medium 2 was used but the zeta potential and
viscosity still low thus xanthan gum which was negative charge polymer was added as
viscosity inducer and stabilizer. The formulated ibuprofen nanosuspension (fNS) was
prepared. The flavor of eutectic solvent was not detected indicatingl eutectic solvent
was completely removed as previously discussed.
5.6. Characterization of formulated ibuprofen nanosuspension
5.6.1. Viscosity and rheology
The viscosity of fNS was 58.27 ± 0.98 cPs and this nanosuspension
exhibited the pseudoplastic flow without hysteresis loop as shown in Fig. 51.
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Figure 51 Rheology behavior of fNS

5.6.2. Particle size and zeta potential
The particle size and zeta potential of obtained nanosuspension are
shown in Table 19. The particle size of fNS and Ms2 were significantly lower than
ibuprofen powder but the particle size of fNS not different from Ms2 when analyzed by
one way ANOVA and Post-hoc test at p value <0.05 (n=3). However, the addition of
xanthan gum to the formulation increased the viscosity which reduced the crystal
growth and Ostwald ripening after the crystallization thus the particle size of a fNS was
lower than Ms2 (Verma et al., 2011). Moreover, the addition of xanthan gum influenced
the zeta potential. The zeta potential of fNS was significantly higher than that of Ms2
(p < 0.05) due to the negative charge from xanthan gum. The recommended zeta
potential for physically stable nanosuspensions with electrostatic repulsion required as
a minimum of ±30mV and combined with the steric stabilization recommended zeta
potential was about ±20 mV which is sufficient for stabilizing the nanosuspensions
(Papdiwal et al., 2014; Singh et al., 2011). Therefore, the fNS was the physically stable
nanosuspension by addition of xanthan gum.
Table 19 Particle size and zeta potential of ibuprofen powder and ibuprofen
nanosuspension (n=3)
Sample
Particle size (nm)
Zeta potential (mV)
Ibuprofen powder
54,290 ± 2,340
-6.44 ± 0.29
Ms2
565.2 ± 61.5*
-20.07 ± 0.49+
fNS
330.86 ± 51.49*
-31.1 ± 1.56+,++
* The particle size was significantly different from the ibuprofen powder.
+
The zeta potential was significantly different from the ibuprofen powder.
++
The zeta potential was significantly different from Ms2.
All results were analyzed by one way ANOVA and Post-hoc test at p value <0.05 (n=3).
5.6.3. Stability test
The stability of fNS in ambient condition for one month was good. The
zeta potential of fNS was -31.1 ± 1.56 mV as the recommended for stable
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nanosuspension therefore the sedimentation did not occurred in one mouth. The
viscosity, rheology, particle size and zeta potential were not significantly different when
analyzed with t-test as shown in table 20. The addition of xanthan gum in the formula
not only enhanced the zeta potential value but also reduced the Ostwald ripening.
Table 20 Physical properties of freshly prepared formulated ibuprofen
nanosuspension and after one month storage at ambient condition (n=3)
Physical properties
Freshly prepared
After one month
Viscosity (cPs)
58.27 ± 0.98
57.96 ± 0.98
Rheology
Pseudoplastic flow
Pseudoplastic flow
Particle size (nm)
330.86 ± 51.49
352.0 ± 40.9
Zeta potential (mV)
-31.97 ± 1.56
-30.90 ± 1.23
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5.6.4. Dissolution test
The standard equation of ibuprofen in range of 5-120 μg/mL using HPLC
analysis was y = 43.91x + 18.377 with r² = 0.9999 which validated as shown in
appendix III. The release profiles are shown in Fig. 52. The commercial ibuprofen
suspension (Nurofen® suspension), ibuprofen powder, Ms2 and fNS were tested for
drug dissolution. The release of the fNS and the Ms2 were 87.82% and 94.36% at 1
min of dissolution test, respectively. Both of Ms2 and fNS were completely dissolved
within 10 min with f2 = 60.56 and f1 = 5.08 indicated that both dissolution profiles
were similar. The addition of xanthan gum increased the zeta potential and viscosity of
nanosuspension to obtain the stable nanosuspension without retarding the dissolution
rate. The Nurofen® suspension and ibuprofen powder completely dissolved within 15
and 30 min, respectively. The f2 value of fNS with Nurofen® suspension was 29.93
indicating the difference of dissolution profile (Abbirami et al., 2013). This result
indicated that the ibuprofen nanosuspension was the fast dissolving formulation and
faster than the Nurofen® suspension and ibuprofen powder, respectively.
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Figure 52 Dissolution profiles of nurofen® suspension, ibuprofen powder, Ms2 and fNS

69

5.7. Characterization of crystallized ibuprofen
The ibuprofen powder was needle-like crystal with smooth surface (Fig 53)
as previously reported (Nokhodchi et al., 2010). The crystallized ibuprofen after
ultrasonication was small fragments with smooth surface because the cavitation force
of ultrasonicator broke down the crystallized ibuprofen into a nanometer size crystal
(Fig 53). The ibuprofen nanocrystal exhibited the agglomeration during filtration
process, however, in the dosage form of nanosuspension, the ibuprofen nanocrystals
dispersed without agglomeration or sedimentation.
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Figure 53 SEM images of ibuprofen powder and crystallized ibuprofen
The FTIR spectra and X-ray diffractograms of crystallized ibuprofen and
ibuprofen powder are shown in Figs. 54A and 54B, respectively, The FTIR spectrum
of crystallized ibuprofen was not observed as the new peak or shifted peak indicated
that this preparation process did not affect the structure of ibuprofen. The
diffractograms of crystallized ibuprofen and ibuprofen powder were slightly different
because of lattice deformation, however, both were crystalline form of ibuprofen
(British pharmacopoeia (BP), 2010).
The DSC thermogram of crystallized ibuprofen and ibuprofen powder did
not different as shown in Fig. 54C. The melting point for both of them was 77qC as
reported previously (Dudognon et al., 2008; Paradkar et al., 2003). TGA thermograms
of crystallized ibuprofen and ibuprofen powder are shown in Fig. 54D which showed
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only one step of weight loss. Ibuprofen was melted and followed with its evaporation.
The weight loss of ibuprofen powder was started at 120oC and ended at 275.54oC with
the dTGA peak at 249.91oC. For the crystallized ibuprofen, the weight loss was started
and ended at 140oC and 236.59oC, respectively, and dTGA peak was at 232.98oC. The
similar thermal behavior of this drug had been reported in previous work which
demonstrated that the evaporation started at about 158-190oC, ended at 245.7-277oC
and the dTGA peak was at 243.3-255oC (Tita et al., 2010; Xu et al., 2004).
Therefore this preparation technique did not alter the chemical properties
and thermal behavior of ibuprofen and eutectic solvent was completely removed using
this evaporation process.
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Figure 54 A) IR spectrum of ibuprofen powder and crystallized ibuprofen
B) Diffractogram of ibuprofen powder and crystallized ibuprofen
C) DSC thermogram of ibuprofen powder and crystallized ibuprofen
D) TGA thermogram of ibuprofen powder and crystallized ibuprofen

CHAPTER 5
CONCLUSION
The eutectic systems comprising menthol and camphor were liquid at room
temperature for systems containing 50-80% w/w menthol. The eutectic point was about
50-60 % w/w menthol and the eutectic temperature was -1.17qC. IR results indicated
the hydrogen bonding of hydroxyl group and carbonyl group in the M:C eutectic system
and the weight loss pattern of menthol and camphor from TGA did not change when
the eutectic system was formed. However, The 5:5 M:C which was the eutectic point
showed evaporation rate higher than other ratio of M:C eutectic system. The
sublimation of menthol, camphor or evaporation rate of eutectic solvent increased as
the temperature was increased and the highest evaporation rate was evident for 5:5 M:C.
5:5 M:C was selected as eutectic solvent due to its low viscosity and high
evaporation rate which suitable for using as the green solvent for nanosuspension
preparation by emulsion solvent evaporation technique. The solubility of ibuprofen in
eutectic solvent was 282.11 ± 6.67 mg/mL which higher than the water solubility 31 u
103 folds. The DSC data indicated that ibuprofen formed into the eutectic system with
the eutectic solvent, however, the IR results indicated that there was no the chemical
reaction and TGA data indicated that the evaporation of ibuprofen did not change with
the eutectic solvent.
The ibuprofen suspension was prepared using eutectic emulsion solvent
evaporation technique which the ibuprofen eutectic emulsion transformed into the
suspension. The internal phase of ibuprofen eutectic emulsion was 30% w/w ibuprofen
eutectic solution in the eutectic solvent which emulsifier was tween 80 and external
phase was distilled water. The obtained eutectic emulsion was the nanoemulsion. The
eutectic nanoemulsion which evaporated at room temperature in fume hood was
investigated for the factors influencing its transformation process into suspension. The
eutectic solvent was completely removed from the eutectic nanoemulsion in this
condition and succeeded for the transformation from emulsion into suspension. The
particle size of prepared ibuprofen suspension decreased as the concentration of tween
80 and viscosity of external phase increased. The zeta potential of ibuprofen suspension
decreased because of the adsorption of tween80 on the particle surface while the zeta
potential increased as the concentration of xanthan gum (the anionic polymer as
viscosity inducing agent) increased.
The ibuprofen nanosuspension was prepared using eutectic emulsion
solvent evaporation and ultrasonication techniques. The eutectic emulsion was diluted
then continuously stirred and evaporated at 45qC under the fume hood. Addition of
xanthan gum in the dilution medium reduced the particle size of the crystallized
particles and increased the zeta potential to obtain the stable nanosuspension, however,
xanthan gum obstructed the cavitation force of ultrasonicator to minimize the particles
therefore the smaller nanosuspension was obtained in the formula without xanthan gum.
The azithromycin nanosuspension preparation with this technique could be attained
successfully. The amounts of menthol and camphor individually decreased during
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evaporation. Camphor removed completely at 24 h of evaporation while menthol completely
removed at 48 h. Concentration of ibuprofen in internal phase increased to
supersaturation during the evaporation which the drug should be crystallized but the
ibuprofen crystal did not occur on evaporation process because ibuprofen in the internal
phase required the high activation energy for crystallization. When the final volume
was adjusted together with an agitation of mixing, the crystallization of ibuprofen was
involved. The dewetting of ibuprofen was not favorable therefore the crystallization
occurred in the droplet then the Ostwald ripening was obtained after the crystallization
thus the drug particles were larger than the parent emulsion droplets. The Ostwald
ripening was reduced by the addition of xanthan gum. The cavitation force from the
ultrasonicator broke down and promoted the crystal into a nanosuspension. The fNS
comprising xanthan gum exhibited the particle size of 330.86 ± 51.49 nm and zeta
potential of -31.97 ± 1.56 mV. It demonstrated the fast drug release compared with the
commercial ibuprofen suspension. The investigation of thermal properties and
crystallization of ibuprofen in internal droplet during the evaporation process indicated
that the transformation of emulsion into nanosuspension was obtained in the internal
droplet and the Ostwald ripening was the major factor influencing the particle size of
drug crystals on transformation process. The 5:5 M:C was introduced as the green
solvent for ibuprofen that could be applied for ibuprofen nanosuspension using the
combination of eutectic emulsion solvent evaporation method and ultrasonication with
describable transformation process.
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Appendix I
Selection of liquid eutectic system
1. Chemical structure of eutectic compound

Menthol

Camphor

Borneol
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Figure 55 Chemical structure of eutectic compound
2. Wave number of the O-H stretching of menthol and the C=O stretching of
camphor in eutectic system
Table 21 Wave number shift of the O-H stretching and the C=O stretching
Wave number (cm-1)
Sample
O-H stretching of menthol
C=O stretching of camphor
Camphor
1,741.9
1:9 M:C
3,422.7
1,742.5
2:8 M:C
3,423.6
1,742.8
3:7 M:C
3,423.0
1,742.8
4:6 M:C
3,422.4
1,742.9
5:5 M:C
3,422.2
1,742.8
6:4 M:C
3,384.9
1,743.1
7:3 M:C
3,356.5
1,735.7
8:2 M:C
3,355.2
1,735.6
9:1 M:C
3,332.2
1,735.8
Menthol
3,261.5
3. Gas chromatography (GC) and method validation
Typical validation characteristics which should be considered are accuracy,
precision as repeatability and intermediate precision, linearity and range for assay but
in this experiment the amount of menthol and camphor were measured until
undetectable thus limit of detection (LOD) and limit of quantitation (LOQ) required
(ICH harmonised tripartite guideline, Validation of analytical procedures: text and
methodology Q2(R1), 1994).
3.1. Calibration curve of menthol and camphor
The standard mixture solution of menthol and camphor at six different
concentrations in range of 20 to 750 μg/mL. Peak area of menthol and camphor as show
in Table 22 and 23, respectively, were plotted against their respective concentrations as
show in Fig 56. The standard equation of menthol was y = 0.3441x - 2.3121. Linearity
was established by least squares linear regression analysis of the calibration curve

83
which showed good linearity over the concentration range with r² = 0.9997 and the
standard equation of camphor was y = 0.3364x - 2.4046. Linearity was established by
least squares linear regression analysis of the calibration curve which showed good
linearity over the concentration range with r² = 0.9997
Table 22 Peak area of menthol for standard equation preparation by GC method (n=3)
Peak area
Concentration (μg/mL)
1
2
3
Average
SD
20.2
7.3
5.1
5.1
5.83
1.27
50.5
15.4
15.1
15.3
15.27
0.15
101
31.3
31.9
31.9
31.70
0.35
252.5
85.2
84.9
85.4
85.17
0.25
505
167.4
169.0
167.9
168.10
0.82
757.5
259.1
259.8
262.3
260.40
1.68
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Table 23 Peak area of camphor for standard equation preparation by GC method
(n=3)
Peak area
Concentration (μg/mL)
1
2
3
Average
SD
20.2
5.2
5.0
5.0
5.07
0.12
50.5
15.0
14.8
15.0
14.93
0.12
101
30.8
31.2
31.2
31.07
0.23
252.5
83.2
83.1
83.6
83.30
0.26
505
163.6
165.3
164.0
164.30
0.89
757.5
253.1
253.7
256.1
254.30
1.59
300
250
Menthol
Camphor

Peak area

200
150
100
50
0
0

200

400
600
Concentration (μg/ml)

800

Figure 56 Calibration curve of menthol and camphor (n=3)
3.2. Accuracy
The accuracy of an analytical procedure expresses the closeness of
agreement between the value which is accepted either as a conventional true value or
an accepted reference value and the value found. The accuracy were recommended to
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be performed at the 80, 100 and 120 % levels of label claim. The accuracy of this
method was determined by calculation of the % recovery of menthol or camphor. The
250, 500 and 750 μg/mL of menthol or camphor were calculated using the standard
equation (n=3). The AOAC acceptable range for trace analysis is is 60-115% (AOAC
International, 2012).
Table 24 Accuracy test of GC method for menthol (n=3)
Actual
Calculated
Recovery
Mean
concentration
concentration
(%)
recovery
(μg/mL)
(μg/mL)
256.00
102.40
250
102.63
256.29
102.51
257.45
102.98
489.65
97.93
500
98.01
487.90
97.58
492.55
98.51
716.62
95.55
750
94.75
691.91
92.26
723.30
96.44
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Table 25 Accuracy test of GC method for camphor (n=3)
Actual
Calculated
Recovery
Mean
concentration
concentration
(%)
recovery
(μg/mL)
(μg/mL)
248.20
99.28
250
99.56
248.80
99.52
249.69
99.88
473.83
94.77
500
94.77
470.85
94.17
476.80
95.36
705.10
94.01
750
93.25
681.02
90.80
711.94
94.92

SD

RSD (%)

0.31

0.30

0.47

0.48

2.20

2.33

SD

RSD (%)

0.30

0.30

0.59

0.63

2.17

2.32

3.3. Precision
The precision of an analytical procedure expresses the closeness of
agreement (degree of scatter) between a series of measurements obtained from multiple
sampling of the same homogeneous sample under the prescribed conditions. Precision
may be considered at three levels: repeatability, intermediate precision.
Repeatability of this method was conducted by estimating the
correspondence responses six times on the same day with 500 μg/mL of menthol or
camphor. The intermediate precision of this method was carried out by estimating the
correspondence responses three times in the next day with 500 μg/mL of menthol or
camphor. The RSD is an estimate of sample analysis precision. The recommendation
of RSD is ≤ 2.0 % (Center for Drug Evaluation and Research, 1994; European
Medicines Agency, 1995).
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3.3.1. Repeatability (intra-day precision)
Table 26 Repeatability test of GC method for menthol (n=6)
Calculated concentration (mg/mL)
Actual concentration (μg/mL)
Mean
SD
RSD (%)
500
495.99
5.30
1.07
Table 27 Repeatability test of GC method for camphor (n=6)
Calculated concentration (mg/mL)
Actual concentration (μg/mL)
Mean
SD
RSD (%)
500
478.58
4.93
1.03
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3.3.2. Intermediate precision (inter-day precision)
Table 28 Intermediate precision of GC method for menthol (n=3)
Calculated concentration (μg/mL)
Actual concentration
Day
(μg/mL)
Mean
SD
RSD (%)
1
500
497.49
4.07
0.82
2
500
500.59
1.60
0.32
3
500
504.66
2.75
0.54
Table 29 Intermediate precision of GC method for camphor (n=3)
Calculated concentration (μg/mL)
Actual concentration
Day
Mean
SD
RSD (%)
(μg/mL)
1
500
479.87
3.88
0.81
2
500
482.65
0.45
0.09
3
500
499.69
2.72
0.55
3.4. Limit of detection (LOD) and limit of quantitation (LOQ)
The limit of detection (LOD) and limit of quantitation (LOQ) were
calculated as the equation, LOD = 3Sa/b and LOQ = 10 Sa/b, where Sa is the standard
deviation of the response and b is the slope of the calibration curve. The standard
deviation of the response was calculated by the standard deviation of y-intercepts of
regression lines (Shrivastava and Gupta, 2011). The LOD of menthol and camphor were
13.11 and 3.79 μg/mL, respectively. LOQ of menthol and camphor were 43.72 and
12.65 μg/mL, respectively.
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Appendix II
Characterization of ibuprofen eutectic solution
1. Chemical structure of ibuprofen
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Ibuprofen

Azithromycin

Figure 57 Chemical structures of ibuprofen and azithromycin
2. High performance liquid chromatography (HPLC) and method validation
Typical validation characteristics which should be considered are accuracy,
precision as repeatability and intermediate precision, linearity and range for assay (ICH
harmonised tripartite guideline, Validation of analytical procedures: text and
methodology Q2(R1), 1994). The quantity determination of ibuprofen was analyzed
using HPLC. The column was a C18 PEP column (ACE®). The mobile phase consisted
of acetonitrile and 0.01M phosphoric acid 1:1 v/v. The flow rate was 1 mL/min, and
the detection wavelength was 264 nm. The injected volume was 20 μL. The retention
time of ibuprofen was 12.85 ± 0.30 min.
2.1. Calibration curve of ibuprofen
The standard solution of ibuprofen at six different concentrations in range
of 0.2-1.2 mg/mL. Peak area of ibuprofen solution (Table 30) was plotted against their
respective concentrations as show in Fig 58. The standard equation of ibuprofen was
y = 1446.5x + 21.678. Linearity was established by least squares linear regression
analysis of the calibration curve which showed good linearity over the concentration
range with r² = 0.9992.
Table 30 Peak area of ibuprofen standard solution in range of 0.2-1.2 mg/mL (n=3)
Peak area
Concentration (mg/mL)
0.2002
0.4004
0.6006
0.8008
1.0010
1.2012
0.2002

1
290.1
614.5
901.9
1195.0
1457.4
1755.6
290.1

2
290.2
614.5
901.6
1194.3
1456.5
1755.2
290.2

3
291.2
615.5
900.7
1194.3
1453.3
1752.6
291.2

Average
290.5
614.8
901.4
1194.5
1455.7
1754.5
290.5

SD
0.608276
0.57735
0.6245
0.404145
2.15484
1.628906
0.608276

Peak are
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1.5

Figure 58 Calibration curve of ibuprofen in range of 0.2-1.2 mg/mL (n=3)
2.2. Accuracy
The accuracy of an analytical procedure expresses the closeness of
agreement between the value which is accepted either as a conventional true value or
an accepted reference value and the value found. The accuracy were recommended to
be performed at the 80, 100 and 120 % levels of label claim. The accuracy of this
method was determined by calculation of the % recovery of ibuprofen. The 0.8, 1.0 and
1.2 mg/mL of ibuprofen were calculated using the standard equation (n=3) as show.in
Table 31. The recommendation of % recovery is 100 ± 2% (Center for Drug Evaluation
and Research, 1994; European Medicines Agency, 1995).
Table 31 Accuracy test of HPLC method for ibuprofen at concentration of 0.8, 1.0
and 1.2 mg/mL (n=3)
Actual
Calculated
Recovery
Mean
SD
RSD (%)
concentration
concentration
(%)
recovery
(mg/mL)
(mg/mL)
0.811
101.29
0.808
101.25
0.03
0.03
0.811
101.23
0.811
101.23
0.993
99.16
1.001
0.992
99.09
99.07
0.10
0.10
0.991
98.96
1.199
99.79
1.201
99.73
0.09
0.09
1.198
99.77
1.197
99.62
2.3. Precision
The precision of an analytical procedure expresses the closeness of
agreement (degree of scatter) between a series of measurements obtained from multiple
sampling of the same homogeneous sample under the prescribed conditions. Precision
may be considered at three levels: repeatability, intermediate precision.
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Repeatability of this method was conducted by estimating the
correspondence responses six times on the same day with 1.0 mg/mL of ibuprofen as
show in Table 32. The intermediate precision of this method was carried out by
estimating the correspondence responses three times in the next day with 100 mg/mL
of ibuprofen as show in Table 33. The RSD is an estimate of sample analysis precision.
The recommendation of RSD is ≤ 2.0 % (Center for Drug Evaluation and Research,
1994; European Medicines Agency, 1995).
2.3.1. Repeatability (intra-day precision)
Table 32 Repeatability test of HPLC method for ibuprofen at concentration of 1.0
mg/mL (n=6)
Calculated concentration (mg/mL)
Actual concentration (mg/mL)
Mean
SD
RSD (%)
1.001
0.991
0.001
0.08
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2.3.2. Intermediate precision (inter-day precision)
Table 33 Intermediate precision of HPLC method for ibuprofen at concentration of
1.0 mg/mL (n=3)
Calculated concentration (mg/mL)
Actual concentration
Day
Mean
SD
RSD (%)
(mg/mL)
1
1.001
0.991
0.001
0.08
2
1.001
1.003
0.000
0.04
3
1.001
1.019
0.001
0.06
3. Evaporation rate of water at 35qqC to 85qC
Table 34 Evaporation rate of water as control of the experiment (n=3)
45
Temperature (qC)
35
55
65
Evaporation rate
14.23 ±
28.71 ±
50.36 ±
78.07 ±
(mg/hr.cm2)
0.43
1.18
4.31
2.94

85
170.57 ±
12.29
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Appendix III
Evaluation of formulated nanosuspension
1. High performance liquid chromatography (HPLC) and method validation
Typical validation characteristics which should be considered are accuracy,
precision as repeatability and intermediate precision, linearity and range for assay (ICH
harmonised tripartite guideline, Validation of analytical procedures: text and
methodology Q2(R1), 1994). The quantity determination of ibuprofen was analyzed
using HPLC. The column was a C18 PEP column (ACE®). The mobile phase consisted
of acetonitrile and 0.01M phosphoric acid 1:1 v/v. The flow rate was 1 mL/min, and
the detection wavelength was 220 nm. The injected volume was 20 μL. The retention
time of ibuprofen was 13.05 ± 0.25 min.
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1.1. Calibration curve of ibuprofen
The standard solution of ibuprofen at seven different concentrations in range
of 5 to 120 μg/mL Peak area of ibuprofen solution (Table 35) was plotted against their
respective concentrations as show in Fig 59. The standard equation of ibuprofen was
y = 43.91x + 18.377. Linearity was established by least squares linear regression
analysis of the calibration curve which showed good linearity over the concentration
range with r² = 0.9999.
Table 35 Peak area of ibuprofen standard solution in range of 5 to 120 μg/mL (n=6)
Peak area
Concentration
(μg/mL)
1
2
3
4
5
6
Average SD
4.95
19.80
39.60
59.40
79.20
99.00
118.80

226.5
909.9
1760.4
2598.8
3504.6
4365.6
5243.2

226.5
910.5
1760.0
2594.5
3500.8
4365.3
5246.4

226.3
910.3
1761.8
2595.3
3502.5
4367.8
5243.6

225.9
909.4
1760.0
2597.7
3501.4
4367.4
5234.7

226.7
909.7
1761.6
2602.3
3503.3
4363.3
5238.4

226.7
910.0
1762.8
2600.1
3501.2
4364.8
5235.1

226.4
910.0
1761.1
2598.1
3502.3
4365.7
5240.2

6000
Peak area

5000
4000
3000
2000
1000
0
0

50
100
Concentration (μg/ml)

Figure 59 Calibration curve of ibuprofen in range of 5 to 120 μg/mL (n=6)

0.30
0.40
1.14
2.94
1.46
1.68
4.87
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1.2. Accuracy
The accuracy of an analytical procedure expresses the closeness of
agreement between the value which is accepted either as a conventional true value or
an accepted reference value and the value found. The accuracy were recommended to
be performed at the 80, 100 and 120 % levels of label claim. The accuracy of this
method was determined by calculation of the % recovery of ibuprofen. The 80, 100 and
120 μg/mL of ibuprofen were calculated using the standard equation (n=3) as show.in
Table 36. The recommendation of % recovery is 100 ± 2% (Center for Drug Evaluation
and Research, 1994; European Medicines Agency, 1995).
Table 36 Accuracy test of HPLC method for ibuprofen at concentration of 80, 100
and 120 μg/mL (n=3)
Actual
Calculated
Recovery
Mean
SD
RSD (%)
concentration
concentration
(%)
recovery
(μg/mL)
(μg/mL)
79.39
100.25
79.20
79.31
100.14
100.19
0.05
0.05
79.35
100.19
99.00
100.00
99.00
99.00
100.00
100.02
0.03
0.03
99.05
100.05
118.99
100.16
118.80
119.06
100.22
100.18
0.03
0.03
119.00
100.17
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1.3. Precision
The precision of an analytical procedure expresses the closeness of
agreement (degree of scatter) between a series of measurements obtained from multiple
sampling of the same homogeneous sample under the prescribed conditions. Precision
may be considered at three levels: repeatability, intermediate precision.
Repeatability of this method was conducted by estimating the
correspondence responses six times on the same day with 100 μg/mL of ibuprofen as
show in Table 37. The intermediate precision of this method was carried out by
estimating the correspondence responses three times in the next day with 100 mg/mL
of ibuprofen as show in Table 38. The RSD is an estimate of sample analysis precision.
The recommendation of RSD is ≤ 2.0 % (Center for Drug Evaluation and Research,
1994; European Medicines Agency, 1995).
1.3.1. Repeatability (intra-day precision)
Table 37 Repeatability test of HPLC method for ibuprofen at concentration of 100
μg/mL (n=6)
Calculated concentration (μg/mL)
Actual concentration (μg/mL)
Mean
SD
RSD (%)
99.00
99.01
0.04
0.04
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1.3.2. Intermediate precision (inter-day precision)
Table 38 Intermediate precision of GC method for ibuprofen at concentration of 100
μg/mL (n=3)
Calculated concentration (μg/mL)
Actual concentration
Day
Mean
SD
RSD (%)
(μg/mL)
1
99.00
99.02
0.03
0.03
2
99.00
99.10
0.02
0.02
3
99.00
99.26
0.04
0.04
2. X-ray powder diffraction (XRPD)
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Table 39 2T-diffraction angles and d-spacings of ibuprofen powder and crystallized
ibuprofen
Ibuprofen powder
Crystallized Ibuprofen
d-spacing (Å)
d-spacing (Å)
2T (q)
2T (q)
20.1142
4.41094
20.3699
4.35615
22.3139
3.98084
22.573
3.93572
22.7314
3.90866
23.0124
3.86157
24.6291
3.61162
24.4202
3.64204
24.8606
3.57851
25.0018
3.55862
25.2849
3.51941
27.6942
3.21847
27.9029
3.19486
28.5448
3.12446
29.5701
3.01842
29.7886
2.99678
30.9069
2.89085
31.1551
2.86837
34.0848
2.62824
33.7203
2.65581
35.4485
2.53019
35.4736
2.52845
37.2162
2.41397
37.5088
2.39581
38.6147
2.3297
41.1512
2.19177
43.7118
2.06912
44.0333
2.05476
45.1045
2.00842
45.0916
2.00896
51.3388
1.77821
55.2483
1.66127
-
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