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ABSTRACT

Background: It has been reported previously that AV water-solubility was enhanced great by
solid dispersion in PEG6k carrier. Materials and Methods: In this study, AV water-solubility was
improved primarily by addition of PLX188 into PEG6k carrier, and further by addition of a deep
eutecticsolvent of CBU (choline chloride, betaineand urea) in the combinatory carrier of PEG6k and
PLX188. Results: The result showed that the water-solubility of AV-PEG6k-PLX188 solid dispersion
was 10.8 times of AV-PEG6k solid dispersion, and the cumulative dissolution rate (within 60 min)
of AV-PEG6k-PLX188 solid dispersion was 3.3 times of AV-PEG6k solid dispersions. With the further
addition of CBU in the AV-PEG6k-PLX188 system, the water-solubility of AV-PEG6k-PLX188-CBU
solid dispersion was increased by 3.4 times, and the cumulative dissolution rate (within 60 min)
was increased by 1.6 times. The X-ray powder diffraction measurement indicated that AV existed
in the AV-PEG6k-PLX188-CBU solid dispersion as a non-crystalline state. Further, the in vitro
toxicity against 3 instar Asiatic migratory locust was measured, which showed that the LC_; of
the AV-PEG6k-PLX188-CBU solid dispersion (0.88 mg/L) was a third of that of AV emulsifiable
concentrate (2.64 mg/L), suggesting a higher bioavailability. Conclusion: The finding of this work
showed that AV-PEG6k-PLX188-CBU solid dispersion was more effective than AV emulsifiable
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concentrate, in suppressing or killing locusts.
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INTRODUCTION

In solid dispersion, drugs may exist in molecular, amorphous
or microcrystalline forms, with reducing particle size and
increasing wettability, thereby improving the solubility. Since the
first discovery of sulfathiazole-urea solid dispersion’ in 1961, the
solid dispersion had been used frequently to improve dissolution
rate of insoluble drugs, among which some high polymers such
as polyvinylpyrrolidone, Polyethylene Glycol (PEG), polyvinyl
alcohol and poloxamer are used conventionally as the carriers.>*
However, there exist defects in cases of high polymer alone
used as carrier, such as rapid drug dissolution at initial stage,
and nucleation and recrystallization of drugs in the dissolution
medium after storage for a certain time.®® Thus, it is meaningful
to find alternative carrier, which may improve effectively the
dissolution of the drug, prevent the crystallization of the drug
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from precipitation, increase the stability of the preparation and
reduce the toxic and side effects of the drug.

As a green and excellent solvent, deep eutectic solvent"
firstly discovered by Abbott in 2003, has attracted widespread
attention in recent years. Deep eutectic solvent is prepared
by melting hydrogen bond receptors (quaternary ammonium
salt, quaternary phosphonium salt and choline chloride, etc.)
and hydrogen bond donors (urea, amide, carboxylic acid and
polyols, etc.) in a certain proportion, with a melting point lower
than that of any single component.'’** Deep eutectic solvent
has noteworthy ionic liquid-like physicochemical properties,
such as, good thermal stability, high solubility, negligible vapor
pressure, and non-flammability.!*'* And it shows significant
advantages over conventional ionic liquids especially in terms
of low-toxicity, biodegradability and ease of preparation. Owing
to these significant advantages, deep eutectic solvent has been
applied in many fields.

Avermectin (AV) was consisted of eight components, among
which B b (Figure 1) are the main compounds showing the most
effective insect-resistant activity.'®'” The locusts are one of the
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most destructive pathogenic pests in crops, and AV has a good
killing effect on them. However, as AV has weak water-solubility,
resulting in poor effects on killing insects. Therefore, it is necessary
to find a method to effectively improve the dissolution of AV.

Improving the solubility of insoluble drugs has kept being one
of the major difficulties in pharmaceutical research, with more
and more insoluble drugs were discovered in recent years. In
this study, AV was molten with heating into the combinatory
carrier of a polymer mixture of polyethylene glycol 6000
(PEG6k) and poloxamer 188 (PLX188), and a deep eutectic
solvent of choline chloride, betaine and urea (CBU), then the
AV-PEG6k-PLX188-CBU solid dispersion was formed upon
cooling. As expected, with the addition of deep eutectic solvent
in the AV-PEG6k-PLX188-CBU solid dispersion, the dissolving
properties were improved greatly.

MATERIALS AND METHODS

Experimental Instruments and Reagents

PEG6k, urea was purchased from Sinopsin Group Chemical
Reagent Co. Ltd. PLX188, choline chloride was purchased from
Yusuo Chemical Technology Co. Ltd., Shandong. Shandong.
AV (containing B,a 95.1% and B b 4.2%) was purchased from
Kaijin Medical Technology Co. Ltd., Shanghai. Shanghai. AV
emulsifiable concentrate was purchased from Longyou Oriental
Anasak Crop Technology Co. Ltd., Zhejiang. Third instar Asiatic
migratory locust was obtained from Jiyuan Baiyun Industrial Co.
Ltd., Henan. Unless otherwise stated, all other materials were of
analytical grade.

AV was determined using Shimadzu LC-20T HPLC system with
a C , reverse chromatographic column (250 mmx4.6 mm, 5 um,
Shimadzu, Japan). The mobile phase consisted of methanol and
water in a ratio of 85:15 at a flow rate of 1.0 mL/min. Analysis
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Figure 1: Chemical structure of AV.

AV-PEG6k-PLX188-CBU; b. AV-PEG6kK SD; c. physical mixture; d. AV
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was performed at room temperature (25°C) with a total injection
volume of 20 pl and the detection wave length of 248 nm.'®"

Preparation of Samples

The deep eutectic solvent (CBU) was prepared by melting choline
chloride, betaine and urea in a proper mass ratio at 80°C. Then
the combinatory carrier was made by melting and mixing CBU
with PEG6k, PLX188 at 80°C. The AV powder was added slowly
into the carrier in a mass ratio of 1:19 with stirring at 80°C till
it was completely dissolved. Then, the resulting molten mixture
was solidified upon cooling in a bath of ice and salt, affording
the AV-PEG6k-PLX188-CBU solid dispersion. At final, samples
of the AV-PEG6k-PLX188-CBU solid dispersion were made by
grinding and sieving through 16-25 mesh. AV-PEG6k-PLX188
solid dispersion was prepared as a control sample through the
similar procedure described above, except that CBU was excluded
from the system. And the blank solid dispersion was prepared as
a control sample through the similar procedure described above,
except that AV was excluded from the system. Physical mixture
was prepared as comparison sample by mixing each component,
with the same content to that of the AV-PEG6k-PLX188-CBU
solid dispersion, under grinding till all components was evenly

mixed.

X-ray Powder Diffraction Analysis

The AV-PEG6k-PLX188-CBU solid dispersion and the blank
carrier were crushed into 1 mm flakes, respectively. The physical
mixture of AV and carrier was pulverized into 200 mesh screens
to prepare samples. Thermal characteristics of samples were
determined by XRD (XPert Pro X-ray powder diffractomer
Palmer Naco, Netherland) at scanning range of 5-70°, step length
of 0.02° and scanning time of 20 s.

Particle Size Analysis

An appropriate amount of the AV-PEG6k-PLX188-CBU solid
dispersion, and AV-PEG6k-PLX188 solid dispersion as blank
contrast were added to distilled water, respectively, and the
samples were completely disintegrated and dispersed. The
resulting liquid was poured into a particle size cup to be detected
by a laser particle size analyzer of ZS90 (Malvin, England).

Dissolution Testing

The solubilities of the AV-PEG6k-PLX188-CBU solid dispersion,
AV-PEG6k-PLX188 solid dispersion, physical mixture and AV
were determined by adding excess samples into 100mL distilled
water, respectively. The resulting system was stirred (75 1/
min) until the equilibrium was achieved. Appropriate amount
of suspension was filtered through polytetrafluoroethylene
difluoride 0.45 um membrane (Millipore), and was determined
by HPLC.
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Measurement of Cumulative Dissolution Rate

Appropriate amount (5.0 g) of the AV-PEG6k-PLX188-CBU
solid dispersions and AV-PEG6k-PLX188 solid dispersions were
dissolved into 1000mL dissolution medium of 0.5% ethanol-water
(15:85), respectively, and stirred (100 r/min) at 25°C. The amount
of 5 mL aliquot was taken for testing at 5, 10, 20, 40, and 60
min, respectively, while equal amount of media was added. The
sample was filtered (polytetrafluoroethylene difluoride 0.45 pl m
membrane, Millipore) and then detected by HPLC.

The toxicity of the AV-PEG6k-PLX188-CBU solid
dispersions against 3™ instar Asiatic migratory locust

The gastric toxicity of solid dispersion was determined
by leaf toxicity assay. An appropriate amount of the
AV-PEG6k-PLX188-CBU solid dispersion particles was diluted
with distilled water into concentrations of 3.72, 1.86, 0.93, 0.47,
0.23 mg/L as experimental group. An appropriate amount of AV
emulsifiable concentrate with a concentration of 78 mg/L was
diluted into concentrations of 7.80, 3.90, 1.95, 0.98 and 0.49 mg/L
as the control sample, and distilled water was taken as the blank
control.

Each culture dish was served with a 3" instar Asiatic migratory
locust and a piece of prepared poisonous leave disc. 30 samples
were tested at each concentration in each group and 15 ones in
the blank groups. The samples were moistened and cultured at
25°C. When the poisonous leaf was eaten out, the fresh leaf was
put in without medicine till the end of the experiment. After 48
hr, the mortality rate of each group was investigated.

RESULTS AND DISCUSSION

Preparation of the Solid Dispersion

The amount of the individual component in the
AV-PEG6k-PLX188-CBU solid dispersion were determined
by preliminary screening, and was optimized by orthogonal
experiment. The optimal result was listed as followings: PEG6k
55.5% (wt.), PLX188 11.3% (wt.), CBU 25.7% (wt.), AV 5.0% (wt.);
and the betaine/urea/choline chloride mass ratio of 1.5:3.29:1 in
CBU; stirring for 2 hr.

X-ray Powder Diffraction (XRD) Analysis

As shown in Figure 2, there existed a series of characteristic peaks
of AV at 5°-30°, and in the physical mixture, there existed also
characteristic peaks of AV with strength weakened. But in the
AV-PEG6k-PLX188-CBU solid dispersion, AV peak disappeared,
except for weak peaks characteristic of PEG6k at 19.35° and
23.48° indicating that AV existed mostly in a non-crystalline
state, and that CBU and PLX188 appeared in an amorphous state
and had good compatibility with PEG6k.

738

Particle Size Analysis

A beam passing through the resulting
observed, indicating that the resulting system was a kind

system  was

of particle suspension. The Average particle size of the
AV-PEG6k-PLX188-CBU solid dispersion was of 122.3 nm,
with a uniform particle size distribution, which was 2.8 times
smaller than that of the AV-PEG6k-PLX188 solid dispersion
(343.2 nm) (Figure 3). In addition, The Average particle size of
the AV-PEG6k-PLX188-CBU solid dispersion was 1.4 and 1.6
times smaller than that of the AV aqueous dispersion of single
surfactant of SDS and composite surfactant of MERS and SDS
(180-196 nm), respectively.2**!

The decrease of particle size is one of the mechanisms of
solubilization, which is the same to the results reported.*
Further, as a hydrophilic system, the addition of the deep
eutectic solvent could improve the wettability of the
AV-PEG6k-PLX188-CBU solid dispersion, made AV dispersing
in water easily.?* The tiny particle had increased surface area, and
the contact area, so the dissolution rate was improved effectively.”
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Figure 2: XRD spectrum of AV (a), physical mixture of AV, PEG6k, PLX188
and CBU (b), AV-PEG6k-PLX188-CBU solid dispersion (c), and blank carrier of
PEG6k, PLX188 and CBU (d).
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Figure 3: Particle diameter distribution of the AV-PEG6k-PLX188-CBU solid
dispersion (a) and AV-PEG6k-PLX188 solid dispersion (b).
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Table 1: The comparison of pharmaceutical properties.

AV AV-PEG6k AV-PEG6k-P188 AV-PEG6k-PLX188-CBU
Particle diameter (nm) / / 343.2 122.3
Solubility (mg/L) 23 21.795 234.8 806.0
Cumulative 5 min 5.3 7.3 53.9 86.3
dissolutionrate g0 min  10.3 17.6 58.3 94.6
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Figure 4: Solubility of the AV-PEG6k-PLX188-CBU solid dispersion (a),
AV-PEG6k-PLX188 solid dispersion (b), physical mixture (c) and AV (d).

The bimodal distribution of the AV-PEG6k-PLX188 solid
dispersion particle might be due to the unstable dispersion in
water, and some dissolved AV turned to spontaneously aggregate,
leading to the increase of particle size and the worse uniformity of
particles. And this was consistent with the previous observation
of drug nucleation and recrystallization in dissolution medium, in
case of that polymer alone was used as carrier in solid dispersion

system.

Dissolution Testing

As shown in Figure 4, the solubility of AV of the
AV-PEG6k-PLX188-CBU solid dispersion was of 806.0 mg/L,
3.4 times that of an AV-PEG6k-PLX188 solid dispersion (234.8
mg/L)*, 29.4 times that of the physical mixture (27.4 mg/L), and
350 times that of the AV (2.3 mg/L).

It was reported that PEG might induce carbamazepine
crystallization and form enriched carrier layer in the dissolution
process, resulting in accumulation and precipitation and
decreasing the solubility of carbamazepine.” The situation of
solid dispersion in the combinatory carrier was different from
that in PEG alone as carrier. In this study, it was observed that
the AV-PEG6k-PLX188-CBU solid dispersion dissolved totally
in water, and didn’t precipitate from water after storage, thus the
solubility of AV in the AV-PEG6k-PLX188-CBU solid dispersion

was significantly improved.
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Figure 5: Dissolution curve of the AV-PEG6k-PLX188-CBU solid dispersion (a),
AV-PEG-PLX solid dispersion (b).

Cumulative Dissolution Rate Analysis

As shown in Figure 5, the cumulative dissolution rates of the
AV-PEG6k-PLX188-CBU solid dispersion in the dissolution
medium were 86.3% within 5 min, and 94.6% within 60 min
and the cumulative dissolution rates of AV-PEG6k-PLX188 solid
dispersion were 53.9% within 5 min, 58.3% within 60 min. As
a comparison reported previously,* the cumulative dissolution
rate of AV-PEG6k was of 10.3% within 60 min, the cumulative
dissolution rate of AV-PEG6k was of 17.6% within 60 min. The
AV cumulative dissolution rate was improved by 1.6 times than
the solid dispersion of AV-PEG6k-PLX188, 5.4 times than the
AV-PEGS6k solid dispersion,® 9.2 times than the AV.?

With the highly hydrophilic deep eutectic solvent was solubilized
in water, the structure of the AV-PEG6k-PLX188-CBU solid
dispersion was collapsed easily, therefore accelerating the
dissolution of AV. Meanwhile, as a surfactant PLX188 could
increase the wettability of the solid dispersion, thus increasing
the dissolution of AV.*%

Toxicity of the Solid Dispersion against 3"-instar
locust

Toxicity of the AV-PEG6k-PLX188-CBU solid dispersion against
3" instar Asiatic migratory locust were determined by the method
of leaf entrapment, with an AV emulsifiable concentrate was

used as a comparison sample. The regression curve was shown in
Figure 6. It was calculated that LC, of the AV-PEG6k-PLX188-
CBU solid dispersion was 0.88 mg/L, while LC of AV
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Figure 6: Toxicity regression equation of the AV-PEG6k-PLX188-CBU solid
dispersion (a) and AV emulsifiable concentrate (b) against third-instar locusts.

emulsifiable concentrate was of 2.64 mg/L, which meant that the
AV-PEG6k-PLX188-CBU solid dispersion was more effective in
suppressing or killing locusts than AV emulsifiable concentrate.
The possible reason was that the AV-PEG6k-PLX188-CBU solid
dispersion increased the solubility of AV, so as to improve its

bioavailability, making AV more effective.

CONCLUSION

In this study, AV was molten into a combined carrier of PEG6K,
PLX188 and a deep eutectic solvent of CBU, forming the
AV-PEG6k-PLX188-CBU solid dispersion upon cooling. The
results of XRD showed that AV existed mostly in a non-crystalline
state in the solid dispersion. The pharmaceutical properties are
measured, and compared with the AV-PEG6k solid dispersion
reported previously and AV-PEG6k-P188 solid dispersion in this

work, the results of which are summarized in Table 1.

The Average particle size of the AV-PEG6k-PLX188-CBU
solid dispersion (122.3 nm) was 2.8 times smaller than that of
the AV-PEG6k-PLX188 solid dispersion (343.2 nm). The AV
solubility of the AV-PEG6k-PLX188-CBU solid dispersion (806
mg/L) was 3.4 times that of AV-PEG6k solid dispersion (234.8
mg/L), 37.0 times that of AV-PEG6k (21.795 mg/L), and 350
times that of AV (2.3 mg/L). The AV cumulative dissolution
(within 60 min in water) rate of the AV-PEG6k-PLX188-CBU
dispersion (94.6%) was 1.6 times that of AV-PEG6k-PLX188
solid dispersion (58.3%), 5.4 times of that of the AV-PEG6k
solid dispersion® (17.6%), and 9.2 times than the AV?** (10.3%).
Finally, LC | of the AV-PEG6k-PLX188-CBU solid dispersion
(0.88 mg/L) was 0.33 times of AV emulsifiable concentrate (2.64
mg/L), which meant that the AV-PEG6k-PLX188-CBU solid
dispersion was more effective in suppressing or killing locusts

than AV emulsifiable concentrate.
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ABBREVIATIONS

AV: Avermectin; PEG6k: Polyethylene Glycol 6000; PLX188:
Poloxamer 188; CBU: For Choline chloride, Betaine and Urea;
XRD: X-ray diffractometry; HPLC: High-performance liquid
chromatography; SDS: 1-dodecanesulfonic acid sodium salt;
MERS: Maleic rosin-polyoxypropylene-polyoxyethylene ether
sulfonate.

SUMMARY

AV was molten into a combined carrier of polyethylene glycol
6000, poloxamer 188 and a deep eutectic solvent of choline
chloride, betaine and urea, forming a solid dispersion upon
cooling. AV water-solubility was improved primarily by addition
of PLX188 into PEG6k carrier, and further by addition of a deep
eutectic solvent of CBU (choline chloride, betaine and urea) in
the combinatory carrier of PEG6k and PLX188. The results of
XRD showed that AV existed mostly in a non-crystalline state in
the solid dispersion. The result of toxicity evaluation showed that
AV-PEG6k-PLX188-CBU solid dispersion was more effective
than AV emulsifiable concentrate, in suppressing or killing
locusts.
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