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Summary

Poloxamer micelles promise safety and efficacy for many water insoluble drugs. Chrysin
has been reported to have anticancer, anti-inflammatory, antioxidant, and anti-aromatase
activities but its water insoluble properties limit its pharmaceutical application. In the present
study, chrysin loaded poloxamer micelles were developed. Two types of poloxamers, Pluronic
F-68 and Pluronic F-127 were compared. It was found that chrysin loaded Pluronic F-68
micelles (CS-P68) and chrysin loaded Pluronic F-127 micelles (CS-P127) obviously increase
the aqueous solubility of chrysin. The results also indicated that the type of polymer and ratio
of drug to polymer affected size and desirable characteristics of the micelles. The micelle
system of CS-P68 and CS-P127 formed at drug to polymer ratios of 1:4 and 1:2, respectively,
was found to be the most suitable monodispersed system with a nanosize-range diameter. The
in vivo study in zebrafish eggs indicates that the toxicity of CS-P68 and CS-P127 is a dose
response. CS-P68 and CS-P127 at a drug dose of 10 ng/mL or less is safe for zebrafish embryo
growth. The results of this study indicate enhanced water solubility of chrysin. Chrysin loaded
poloxamer micelles are promising for further use in in vivo studies in mammalian animals and

humans.
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1. Introduction

Chrysin, a natural flavonoid compound with the
IUPAC name 5,7-dihydroxy-2- phenyl-4H-chromen-4-
one, can be extracted from plants, honey, and propolis
(7). It has been shown that chrysin is abundant in the
fruit of Oroxylum indicum (2). The fruit of this plant
is commonly used in Thailand and other East Asian
countries as food and herbal medicine. Chrysin possesses
several biological activities including, anti-cancer (3,4),
anti-inflammation (5,6), and antioxidant properties
(7,8) and is reported to cause an increase of testosterone
production via suppression of aromatase, an enzyme that
converts androgen to estrogen (9). However, biological
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actions are only facilitated given the stable structure and
low molecular weights of the active compounds that
can be soluble and pass through cell membranes (/0).
Unfortunately, chrysin has a major problem of solubility.
Its insoluble aqueous property causes low absorption
and low bioavailability. Therefore, it is essential to
improve the solubility of chrysin in order to increase its
pharmaceutical and medical applications.

Various techniques can be applied for enhancement
of the solubility and dissolution rate of poorly water
soluble drugs such as solubilization by cosolvents (/7),
salt formation (/2), inclusion complex in cyclodextrins
(13), solid dispersions (/4-16), and micellization
(17,18). For chrysin, enhancement of its water solubility
by cosolvents has been reported (/9). However, the
reported cosolvents used were dimethylformamide and
tetrahydrofuran which are harmful organic solvents.
Therefore, a search for better techniques particularly
with nontoxic carriers is still challenge.

Among several solubilizing techniques, micellization
using polymeric micelles seems to be most promising
for solubility enhancement of drugs, because it
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overcomes the limitations of the other techniques (20,21).
Poloxamer is one of the most common polymers used
to fabricate polymeric micelles (22,23). Poloxamer is
an amphiphilic block copolymer. The non-covalent
incorporation of many drugs into the hydrophobic
core of poloxamer micelles resulted in an increase of
solubility, stability, and bioavailability of the drugs.
Therefore, this biocompatible polymer has been used for
the encapsulation of various water insoluble drugs into
nanoparticles in the form of polymeric micelles (24).
Moreover, poloxamer is reported to be biocompatible,
with low toxicity, and low degradation (25,26). In
addition, poloxamer can minimize adsorption to surfaces
due to hydrophilicity (27).

The aim of the present study is to develop chrysin
loaded poloxamer micelles in order to enhance the
water solubility of chrysin. The effect of polymer and
solvent on the characteristics of the polymeric micelles
obtained was investigated. Moreover, in vivo toxicity of
the selected system of chrysin loading micelles on fish
embryos was evaluated.

2. Materials and Methods
2.1. Materials

Chrysin was purchased from Sigma-Aldrich Co.
(St. Louis, USA). Poloxamers (Pluronic F-68 and
Pluronic F-127) were purchased from O-BASF Co.
(Ludwigshafen, Germany). Tween 80 was obtained
from Namsian Co. Ltd. (Bangkok, Thailand). Acetone
was from RCI Labscan (Bangkok, Thailand). Ethanol
was from Scharlau (Barcelona, Spain). All solvents
were of analytical grade.

2.2. Polymeric micelle preparation

Two types of poloxamers; Pluronic F-68 and Pluronic
F-127 were used in this study. Chrysin loaded
polymeric micelles were prepared by dissolving chrysin
separately in two different organic solvents; acetone or
ethanol. The drug solution was added dropwise with
Pluronic F-68 or Pluronic F-127 solution to obtain the
mixture of chrysin-polymer at the weight ratios of 1:1,
1:2, 1:3, 1:4, 1:5, 1:10, and 1:15. After that, Tween
80 was added. Deionized water was added to volume
and the mixture was frozen at -20°C and subsequently
lyophilized under vacuum for 24 h. After lyophilization,
the obtained dry chrysin loaded Pluronic F-68 and
Pluronic F-127 micelles namely CS-P68 and CS-P127,
respectively, were re-suspended in deionized water to
the desired drug concentration for further studies.

2.3. Determination of size, size distribution, and zeta
potential of the micelles

Size and size distribution (PDI) of CS-P68 and CS-

P127 was measured using Zetasizer NanoZS (Malvern
Instruments, UK) working on the principle of photon
correlation spectroscopy (PCS). A portion of 1 mL of
the micelle dispersion in water was transferred into a
quartz cuvette and exposed to laser light diffraction at
an angle of 173°. The intensity of the peak that showed
the highest population of the micelles of that size was
recorded. Zeta potential of the micelles was measured
using the same instrument and determined five times
for each sample. Results were automatically calculated
by the analyzer.

2.4. In vivo toxicity study

The in vivo toxicity experiment was done using a method
described previously (28) with some modification.
Briefly, 4-h of age fresh zebrafish eggs were gently filled
into a series of 10 mL aqueous clear mixtures containing
CS-P68 or CS-P127 with chrysin concentrations of
1, 10, 100, 1,000 and 10,000 ng/mL. The incubation
temperature was 28°C. The number of zebrafish eggs
was 15 for each system. Water without any polymeric
micelles was used as a control. The mortality of the
embryos in each system was observed every 24 h for a
period of 72 h under a stereo microscope (Nikon, Tokyo,
Japan).

2.5. Statistical analysis

The preparation, size measurement, and toxicity study
were done in triplicate and the results are expressed
as mean + S.D. Statistical analysis was done by using
ANOVA and P-value at a level of 95% confidence limit.

3. Results and Discussion
3.1. Preparation of chrysin loaded micelles

In the process of chrysin loaded micelles, Tween 80
has been added for incorporation into the micelles.
Tween 80 is a hydrophilic non-ionic surfactant widely
used in emulsification and solubilizing of substances
in medicinal, pharmaceutical, and food products.
Moreover, it is used in conjunction with nanoparticles
to improve specific delivery (29). Tween 80 is reported
to be adsorbed on the surface by interacting with
specific receptors on the blood brain barrier luminal
face, and then transported into the brain (30). Therefore,
incorporation of Tween 80 into the polymeric micelles
of poloxamer in the present study was to obtain the
most desirable carrier for the chrysin solubilization
and delivery system. It was found that chrysin could
be loaded into both Pluronic F-68 and Pluronic
F-127. The systems obtained after preparation were
transparent aqueous dispersions. After lyophilization,
the products obtained were still transparent but the state
of matter was changed to a semisolid form as a gel-
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like product. After diluting with water, the semisolid
products changed to transparent aqueous systems
without any precipitation of chrysin. It was considered
that all chrysin could be dissolved in the water. The
result was in agreement with the previous results that
the practically insoluble curcumin and xanthone could
be solubilized by polymeric micelles and transparent
aqueous mixtures obtained (20,31).

3.2. Effects of polymer and solvent types on size and size
distribution of the micelles

Two types of solvents, ethanol and acetone, were
compared in the preparation of the micelles of two
types of poloxamer. It was found that using ethanol as
a solvent for chrysin in the preparation of drug loaded
micelles yielded micelles with different sizes depending
on the polymer type and drug to polymer ratio. The
size and PDI as well as % intensity of CS-P68 and CS-
P127 are shown in Table 1 and Table 2, respectively.
It was found that the size of drug entrapped micelles
was slightly larger than that of empty micelles for
both polymers. The size of CS-P68 was in the range
of 12.6-17.8 nm whereas that of CS-P127 was in the
range of 11.2-14.1 nm. The PDI was in the range of
0.1-0.2 for CS-P68 and 0.1-0.3 for CS-P127 indicating
a good size distribution for both polymers. According
to the peak intensity, the mixture at a weight ratio of
1:4 was considered to be the best formulation for CS-
P68 whereas that of 1:2 was considered to be the best
formulation for CS-P127 because it showed a peak
intensity of 100% as shown in Figure 1.

Using acetone instead of ethanol as a solvent for

Table 1. Characteristics of CS-P68 obtained from the use of
ethanol as a solvent

chrysin to formulate chrysin loaded polymeric micelles
of both polymers CP-68 and CP-127 could also be
obtained. Similarly to those using ethanol as a solvent,
it was found that the size of chrysin loaded micelles
was slightly larger than that of empty micelles. As
shown in Table 3 and Table 4 for CS-P68 and CS-P127,
respectively, it was found that the size of CS-P68 and
CS-P127 was in the range of 10.5-16.8 nm and 10.1-
14.5 nm, respectively. It was observed that the size of
chrysin loaded micelles prepared using acetone as a
solvent for preparation of drug solution was slightly
smaller but not significantly different than those using
ethanol as a solvent. The PDI of the micelles of both
polymers was in the same range as those prepared by
using ethanol as a solvent. According to peak intensity,
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Figure 1. PCS analysis of CS-P68 (A) and CS-P127 (B) at

drug to polymer ratios of 1:4 and 1:2, respectively obtained
from the use of ethanol as a solvent.

Table 3. Characteristics of CS-P68 obtained from the use of
acetone as a solvent

Ratio of chrysin to polymer  Size (nm) PDI  Intensity (%) Ratio of chrysin to polymer  Size (nm) PDI  Intensity (%)
0:1 104+34 0.132 100.0 0:1 102+2.9 0.076 100.0
1:1 17.8+8.3 0.204 98.5 1:1 11.4+£3.5 0.112 97.9
1:2 126 +4.2 0.156 98.6 1:2 10.7+3.6 0.181 97.6
1:3 125+4.1 0.147 98.6 1:3 10.5+4.3 0.126 100.0
1:4 12.7+4.1 0.139 100.0 1:4 12.1+43 0.259 93.2
1:5 13.5+4.7 0.192 96.3 1:5 10.8+3.3 0.215 96.8
1:10 143+5.6 0.197 97.0 1:10 124+52 0.193 97.3
1:15 15.1+52 0.263 95.3 1:15 16.8£6.7 0.217 96.3

Table 2. Characteristics of CS-P127 obtained from the use
of ethanol as a solvent

Table 4. Characteristics of CS-P127 obtained from the use
of acetone as a solvent

Ratio of chrysin to polymer  Size (nm) PDI  Intensity (%) Ratio of chrysin to polymer  Size (nm) PDI  Intensity (%)
0:1 9.1+2.2 0.166 100.0 0:1 9.1+£23 0.081 100.0
1:1 13.8+52 0.179 96.8 1:1 10.9+3.7 0.138 98.8
1:2 11.7+3.2 0.054 100.0 1:2 11.8+3.9 0.288 88.6
1:3 11.2+2.7 0.195 97.6 1:3 10.6 £3.4 0.099 100.0
1:4 13.3+39 0.278 92.1 1:4 10.1£2.5 0.331 95.7
1:5 13.7+29 0.247 79.7 1:5 145+75 0.193 98.7
1:10 14.1+3.6 0.315 86.2 1:10 11.8+4.3 0.145 100.0
1:15 ND ND ND 1:15 11.1£3.1 0.066 100.0

ND = not detectable.
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Figure 2. PCS analysis of CS-P68 (A) and CS-P127 (B)
at drug to polymer ratio of 1:3 obtained from the use of
acetone as a solvent.

the mixture at a weight ratio of 1:3 was considered to
be the best formulation for CS-P68 because this system
showed a peak intensity of 100% and showed a single
size distribution peak as shown in Figure 2A. However,
three systems of CS-P127 with drug to polymer ratios
of 1:3, 1:10, and 1:15 showed a peak intensity of
100%. Considering the particle size of these systems,
it was found that the micelles at a ratio of 1:3 showed
the smallest size of 10.6 + 3.4 nm. The single size
distribution peak of this system was obtained as shown
in Figure 2B.

These results indicate that chrysin can be successfully
entrapped in micelles of both types of poloxamers,
Pluronic F-68 and Pluronic F-127. The size of CS-
P68 and CS-P127 obtained from all studied conditions
are in the nanosize range. The results demonstrate that
the types of polymers and the ratio of drug to polymer
play an important role in the size of the developed
drug loaded micelles whereas no significant difference
between ethanol and acetone used as a solvent for drug
dissolution was seen in the preparation process. It was
found that the zeta potential of CS-P68 and CS-P127
from all conditions was approximately -12 to -14 mV
(data not shown), indicating that the developed chrysin
loaded polymeric micelles might have a possibility for
aggregation. When comparing the developed chrysin
loaded polymeric micelles to the intact chrysin added in
water, it was found that clear aqueous systems of CS-P68
and CS-P127 were obtained whereas the intact chrysin
at the same concentration precipitated in water. This
result obviously indicates that water solubility of chrysin
was increased dramatically when formed as CS-P68 and
CS-P127. As poloxamer is composed of hydrophilic
polyethylene oxide (PEO) and lipophilic polypropylene
oxide (PPO) blocks, arranged in a PEOmPPOnPEOm
structure (32), it can self-assemble into micelles in
aqueous solution forming the hydrophobic PPO core
surrounded by the hydrophilic PEO. The increased water
solubility of chrysin using these polymeric micelles is
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Figure 3. Mortality of zebrafish eggs at 24 h (white column),
48 h (gray column), and 72 h (black column) exposure to
CS-P68.
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Figure 4. Mortality of zebrafish eggs at 24 h (white column),

48 h (gray column), and 72 h (black column) exposure to
CS-P127.

considered to be due to the incorporation of chrysin into
the hydrophobic portion of the micelles.

3.3. In vivo toxicity of chrysin loaded micelles

Regarding the solvent used, both ethanol and acetone
could yield chrysin loaded micelles with a similar
nano-size range but ethanol is considered to be a
better solvent than acetone from the view point of
environmental and human safety. Therefore, in the
investigation of in vivo toxicity, only CS-P68 and
CS-P127 with the proper ratio of drug to polymer of
1:4 and 1:2, respectively, and prepared using ethanol
as a solvent were used. Chrysin has been reported
to suppress an enzyme that converts androgen to
estrogen resulting in an increase of testosterone (9).
Therefore, it might be useful to know the safe dose or
the maximum concentration of CS-P68 and CS-P127
which is considered as safe. In the present study, the
embryo of zebra fish was used as a model for testing
toxicity of the developed CS-P68 and CS-P127. The
toxicity results expressed as mortality of zebrafish
embryo are shown in Figure 3 for CS-P68 and Figure 4
for CS-P127. From these figures, it was noted that the
mortality of the embryos with CS-P68 was higher than
that with CS-P127 indicating that CS-P68 had higher
toxicity than CS-P127. This effect was obviously seen
particularly at the low dose range of 1-100 ng/mL.
However, toxicity of both micelles was not significantly
different at a concentration of 1000 ng/mL or more. It
was found that the toxicity of all samples was seen in a
dose dependent manner. A 10 ng/mL dose or less was
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Figure 5. Morphology of surviving zebrafish embryos at 24
h (A), 48 h (B), and 72 h (C) exposure to water (a), CS-P68
at drug concentration of 1,000 ng/mL (b), and CP-127 at
drug concentration of 1,000 ng/mL (c).

found to be safe for zebrafish embryos as less than 10%
mortality was observed whereas doses of 100-1,000
ng/mL could be classified as a mild toxic dose as 10%
to less than 30% mortality was observed. Higher than
1,000 ng/mL could be classified as moderate to severe
toxicity to zebrafish embryos as 30-100% mortality
was observed. The results also showed that the toxic
effect of CS-P68 and CS-P127 was not time dependent.
After incubating zebrafish eggs in the fixed drug dose
systems but at different incubation times of 24, 48,
and 72 h, the mortality of the fish was not significantly
different at each dose. The results revealed that no
zebrafish embryos were found after 24 h exposure to
10,000 ng/mL whereas more than 70% of the embryos
developed normally (same as control) after exposure to
1-100 ng/mL. However, at a concentration of 1,000 ng/
mL, some embryos (about 27 + 1%) were dead after 24
h of exposure, the remaining embryos could develop
but some showed delayed development. This effect
could be seen clearly as shown in Figure 5. After 72 h,
all embryos in the control group could hatch normally
whereas only approx. 55 + 5% of the eggs exposed to
CS-P68 and CS-P127 (1,000 ng/mL) showed normal
development like in the control group but the remaining
embryos were still at an early stage. They were not dead
but showed slow development as seen in Figure 5C. It
was considered that polymer might be associated with
the toxicity of CS-P68 and CS-P127. In CS-P68, the
drug to polymer ratio was 1:4 whereas in CS-P127 it
was 1:2. The amount of polymer in CS-P68 was 2 times
higher than that in CS-P127. Therefore, high mortality
particularly at low drug concentrations caused by CS-
P68 was considered to be due to high concentration of
polymer used in CS-P68.

4. Conclusion

Chrysin can be loaded in the polymeric micelles
of Pluronic F-68 and Pluronic F-127. The obtained
chrysin loaded micelles can increase its water solubility
dramatically. The type of polymer and the ratio of

drug to polymer play an important effect on size and
desirable characteristics of the obtained micelles. The
suitable chrysin loaded polymer micelles is composed
of 1:4 and 1:2 of drug to Pluronic F-68 and to Pluronic
F-127 ratios, respectively. The toxicity of these micelles
is dose dependent but not time dependent. Chrysin at
concentrations that do not exceed 10 ng/mL is considered
safe for zebrafish embryos. The micelles with higher
polymer ratios cause higher toxicity to the fish.
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