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Objective. In order to find the best process for the preparation of Chrysophanol-Pluronic F127 nanomicelles in the laboratory, the
preparation of Chrysophanol-Pluronic F127 nanomicelles was optimized using the central composite design method. In order to
investigate the properties of the prepared Chrysophanol-Pluronic F127 nanomicelles, physicochemical properties were examined
and in vitro dissolution experiments were performed, and the pharmacokinetics of Chrysophanol and Chrysophanol-Pluronic
F127 nanomicelles were investigated in rabbits. Methods. In the preexperimental study, the best physical solubilization method
and organic solvent for Chrysophanol were selected. The ratio of drug dosage to excipient dosage and the amount of organic
solvents were evaluated by single-factor test. Based on the single-factor test, the optimal prescription was obtained by screening
the formulation and optimizing the preparation process using the central composite design method with the encapsulation
efficiency as the index. Chrysophanol-Pluronic F127 nanomicelles were prepared according to the optimal prescription, and
their particle size, potential, appearance, and in vitro release experiments were carried out. Chrysophanol and Chrysophanol-
Pluronic F127 nanomicelles were injected intravenously through the ear margins to rabbits, and the drug concentrations in the
blood were measured at different time points by HPLC. The obtained blood concentration data were fitted with PK Solver 2.0
program to obtain pharmacokinetic parameters. Results. In the preexperimental study, ultrasonic method was selected as the
physical solubilization method, and acetone was selected as the organic solvent. In single-factor test, the highest encapsulation
efficiency was achieved when the ratio of drug dosage to excipient dosage was 1 : 15; the highest encapsulation efficiency was
achieved when the amount of organic solvent (acetone) was 8mL. The equation fitted to the model for the optimized
prescription by the central composite design method is as follows: R1 = −166:93629 + 16:86478A + 32:55582B − 0:169750AB −
0:4826752 − 2:25797B2ðR2 = 0:9457Þ. The best prescription for the preparation of Chrysophanol-Pluronic F127 nanomicelles
was obtained in the ratio of drug dosage to excipient dosage of 1 : 16.309 and the dosage of organic solvent was 6.595mL. The
prepared nanomicelles have a particle size of 152.8 nm and a potential of -23.9mV. It was observed by transmission electron
microscope that the prepared nanomicelles are uniform and spherical in appearance. The drug metabolism of Chrysophanol
and nanomicelles in rabbits conforms to the two-compartment open model, and both of them show linear kinetics in the drug
dose range. Tð1/2αÞ was 0:31 ± 0:21 h and 0:47 ± 0:35 h, and Tð1/2βÞ was 2:06 ± 1:14 h and 7:72 ± 2:04 h for Chrysophanol and
Chrysophanol-Pluronic F127 nanomicelles, respectively. Conclusions. The adopted central composite design method can well
optimize the prescription process of Chrysophanol-Pluronic F127 nanomicelles prepared by dialysis, and the method is simple
and easy to be prepared in the laboratory. The prepared nanomicelles have uniform particle size and good zeta potential and
appear as uniform black spherical shape under transmission electron microscopy. In vitro release studies showed that the
Chrysophanol-Pluronic F127 nanomicelles released significantly better than Chrysophanol. The results of pharmacokinetics of
Chrysophanol and Chrysophanol-Pluronic F127 nanomicelles in rabbits showed that the Chrysophanol-Pluronic F127
nanomicelles did not change the metabolic process of the drug in vivo but could stay in vivo for a longer period of time and
exert longer effects. It is hoped that this study can provide a laboratory basis for the preparation of Chrysophanol-Pluronic
F127 nanomicelles and a reference for further in vivo studies of Chrysophanol.
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1. Introduction

Chrysophanol, chemically known as 1,8-dihydroxy-3-
methyl-anthraquinone, is an anthraquinone compound
extracted from traditional Chinese medicines such as Chi-
nese rhubarb and Giant Knotweed Rhizome. Chrysophanol
has a molecular weight of 254.23 and contains multiple car-
bonyl and hydroxyl groups as well as an anthraquinone tri-
cyclic aromatic structure [1]. Recent studies have shown that
Chrysophanol have various pharmacological effects, such as
anticancer and neuronal protection [2, 3], but its poor water
solubility and low bioavailability make it difficult to use in
clinical practice. Therefore, various studies on Chrysophanol
dosage forms have emerged [4, 5], but fewer studies have
been conducted on Chrysophanol micelles dosage forms
[6], and the issue of multifactorial interactions in recent
studies on Chrysophanol dosage forms remains to be
addressed [7]. Nanomicelles are of high research value and
have been studied by many scholars because of their
absorption-promoting and bioavailability-enhancing effects
[8–10]. In this study, Pluronic F127 [11] was used as a car-
rier to prepare Chrysophanol-Pluronic F127 nanomicelles
and perform in vivo pharmacokinetic studies in rabbits,
aiming to establish a method to optimize the preparation
of nanomicelles by dialysis using the central composite
design method, in order to provide a reference for the clini-
cal application of Chrysophanol.

2. Materials and Methods

2.1. Materials. HPLC (Waters e2695, Waters 2998)
(Waters, US)

UV-visible spectrophotometer (LebTech, US)
Hj-4D digital display constant temperature velocimetry

magnetic heating stirrer (Jiangsu Zhengji Instrument Co.,
Ltd., China)

SiGMA 3K30 high speed refrigerated centrifuge
(Sigma-Aldrich, US)

H7650 transmission electron microscope (Hitachi, Japan)
ZETASIZER nanoseries (Malvern Instruments Co.,

Ltd., UK)
Vortex oscillator FSH-2 (Jintan Shengwei Experimental

Instrument Factory, China)
Ultrasonic generator KQ5200DV (Kunshan Ultrasonic

Instruments Co., China)
Dialysis bags MD34MM (diameter: 22m, retained

molecular weight: 1000) (Viskase, US)
Chrysophanol (Chengdu Lemeitian Pharmaceutical

Technology Co., Ltd., China)
Pluronic F127 (Sigma-Aldrich, US)
New Zealand rabbit (Beijing Jinmuyang Experimental

Animal Breeding Co., China)

3. Methods

3.1. Preparation of Micelles

3.1.1. (1) Pretreatment of Dialysis Bags [12]. The dialysis
bags were cut into small sections of appropriate length
(10-20 cm), and the cut bags were boiled in a large volume

of 2% (w/v) sodium bicarbonate and 1mmol/L EDTA (pH
8.0) for 10min. The boiled dialysis bags were thoroughly
washed with distilled water. Boil the cleaned dialysis bags
in 1mmol/L EDTA (pH 8.0) for 10min. After cooling,
store in a 4°C refrigerator and ensure that the dialysis bags
are always submerged in the solution. Before use, fill the
dialysis bag with water and drain it, wash it well, and take
it with gloves.

3.1.2. Preexperimental Study

(1) Selection of Physical Solubilization Methods. The four
physical solubilization methods of stirring, magnetic stirring,
water bath shaking, and ultrasonic were set up, and the
method was selected by observing the dissolution time of
Chrysophanol in the solution and the measured absorbance.

(1) Precisely weigh 2.0mg of Chrysophanol and add
10mL of anhydrous ethanol; stirring, magnetic stir-
ring, water bath shaking, and ultrasonic treatment
were performed to set up three parallel experiments
to observe the dissolution time of Chrysophanol in
solution

(2) Precisely weigh 1.0mg of Chrysophanol in a 50mL
volumetric flask and fix the volume with anhydrous
ethanol to obtain 20μg·mL-1 of Chrysophanol stock
solution. Transfer 12.5mL of the reserve solution
into a 25mL volumetric flask and dilute to the scale
with anhydrous ethanol to obtain a standard solu-
tion at a concentration of 10μg·mL-1. The absor-
bance was measured in three parallel experiments
with stirring, magnetic stirring, water bath shaking,
and physical solubilization by ultrasonic method
for 20min, respectively

(2) Selection of Organic Solvents. Anhydrous ethanol, chloro-
form, dichloromethane, and acetone were set as four organic
solvents to prepare Chrysophanol-Pluronic F127 nanomi-
celles by the dialysis method described in Section 3.1.3,
and the encapsulation efficiency of nanomicelles was used
as the index.

3.1.3. Preparation Process of Chrysophanol-Pluronic F127
Nanomicelles. The nanomicelles were prepared by dialysis
method [13–15]. The appropriate amount of Chrysophanol
and the appropriate amount of Pluronic F127 were precisely
weighed and dissolved with the appropriate amount of ace-
tone, and after the solution was clarified, it was slowly
injected into 10mL of ultrapure water with a syringe and
magnetically stirred at 1000 r·min-1 for 60min, and the
obtained solution was injected into the treated dialysis bags
for 24 h. After 24 h, the solution in the dialysis bag was
removed to a centrifuge tube, the free Chrysophanol was dis-
persed by centrifugation in a high-speed centrifuge, and the
supernatant was the prepared nanomicelles. Three sets of
parallel experiments were established, and encapsulation
efficiency of the prepared nanomicelles was measured.
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3.1.4. Determination Method and Standard Curve
Construction

(1) The content of Chrysophanol was determined by UV
spectrophotometric method [16–18]. Referring to
the Chinese Pharmacopoeia 2020 edition, the detec-
tion wavelength under the determination of Chryso-
phanol content in one section is 254nm, so 254nm
was determined as the detection wavelength of Chry-
sophanol in this study. Pluronic F127 was weighed
precisely, dissolved in anhydrous ethanol and diluted
to a certain multiple, and scanned in the wavelength
range of 200-600nm with anhydrous ethanol as the
blank control

(2) Precisely weigh 1.00mg of Chrysophanol in a
50.00mL volumetric flask, and fix the volume with
anhydrous ethanol to obtain a reserve solution of
Chrysophanol at a concentration of 20.00μg·mL-1.
The reserve solution was transferred into a
25.00mL volumetric flask and diluted to the scale
with anhydrous ethanol to obtain a series of standard
solutions with concentrations of 0.10, 0.25, 0.50,
1.00, 2.50, 5.00, and 10.00μg·mL-1. After measuring
the absorbance of the samples at 254nm, a linear
regression was performed by least squares to estab-
lish the regression equation

3.1.5. Single-Factor Test

(1) The nanomicelles were prepared according to the
dialysis method described in Section 3.1.3. The ratio
of drug dose to excipient dose was set at 1 : 5, 1 : 10,
1 : 15, 1 : 20, and 1 : 25, i.e., 25.00mg, 50.00mg,
75.00mg, 100.00mg, and 125.00mg of Pluronic
F127 for 5.00mg of Chrysophanol, respectively.
Three sets of parallel experiments were set up, and
the encapsulation efficiency was measured

(2) The nanomicelles were prepared according to the
dialysis method described in Section 3.1.3. The
organic solvent (acetone) volume conditions were
set to 2mL, 4mL, 6mL, 8mL, and 10mL. Three
groups of parallel experiments were set and the
encapsulation efficiency was measured

3.1.6. Optimization of Prescription by Central Composite
Design Method. The amount of organic solvent(acetone)
and the ratio of drug amount to excipient amount were
selected as two conditions for prescription optimization
using the central composite design response surface method
(CCD design method) [19–21] using Design Expert 12 soft-
ware [22].

3.2. Study of Particle Size, Potential and Appearance of
Chrysophanol-Pluronic F127 Nanomicelles. The particle size
and potential of the prepared nanomicelles were determined
using a Malvern particle size meter. The appearance of the
prepared micelles was observed by transmission electron
microscopy.

3.3. In Vitro Release Studies. The in vitro release behavior of
nanomicelles was investigated by the dialysis bag method
using 900mL of 0.5% sodium dodecyl sulfate as the release
medium, and the dialysis bag treatment method was the
same as that under Section 3.1.1. Chrysophanol and
Chrysophanol-Pluronic F127 nanomicelles were placed in
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Figure 1: Effect of different physical solubilization methods on the
dissolution time of Chrysophanol. The error bars represent the
standard deviation of three independent sample measurements
(n = 3).
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Figure 2: Effect of different physical solubilization methods on the
absorbance of Chrysophanol solution. The error bars represent the
standard deviation of three independent sample measurements
(n = 3).
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Figure 3: Effect of different physical solubilization methods on the
encapsulation efficiency of Chrysophanol nanomicelles. The error
bars represent the standard deviation of three independent
sample measurements (n = 3).
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dialysis bags, tied to a paddle, and then placed in a dissolu-
tion cup with the release medium, and the solution temper-
ature was controlled at 3°C by an intelligent drug dissolution
instrument, and the speed was set at 100 r·min-1. The sam-
ples were diluted to a certain multiple with anhydrous etha-
nol, and the absorbance of the nanomicelles was determined
by UV method, and the absorbance was substituted into the
standard curve regression equation to calculate the Chry
concentration and plot the dissolution curve.

① Linearity Range Investigation
The standard solutions were prepared with 0.5% sodium

dodecyl sulfate at concentrations of 0.1, 0.25, 0.5, 1, 2.5, 5,
and 10μg∙mL-1. The absorbance was determined by UV
method, and linear regression was performed by least
squares method to obtain the standard curves.

3.4. In Vivo Pharmacokinetic Study in Rabbits. The experi-
mental animal experiments and posttest treatments in this
study are conducted with the approval of the Experimental
Animal Ethics Review Board of Hebei North University,
Zhangjiakou, China.

3.4.1. Chromatographic Conditions. The chromatographic
column is Hypersil ODS2 (4:6mm × 250mm, 5μm), mobile
phase: methanol - 0.1% phosphoric acid (85 : 15), flow rate:
1mL·min-1, detection wavelength: 254 nm, column tempera-
ture: 30°C, and injection volume: 20μL.

3.4.2. Treatment of Chrysophanol Control Group. The Chry-
sophanol was precisely weighed, dissolved in N,N-dimethyl-
formamide, then added with polysorbate 80, and diluted
with saline (N,N-dimethylformamide-polysorbate 80-saline
(1 : 1 : 8)) [23].

3.4.3. Experimental Procedure and Blood Sample Processing.
Twelve healthy rabbits of both sexes weighing 1.5-2.5 kg
were randomly divided into two groups and fasted for 12 h
before the experiment. One group was injected with Chryso-
phanol control group solution (the control solution of
Chrysophanol was prepared in Section 3.4.2.) 7.0mg·kg-1
intravenously at the ear margin vein, and the other group
was injected with Chrysophanol-Pluronic F127 nanomicelles

(equivalent to Chrysophanol 7.0mg·kg-1) intravenously at
the ear margin vein. At 0.083, 0.25, 0.5, 1, 2, 4, 8, and 12h
after administration, 1mL of blood was drawn from the
heart of the rabbits. The blood was placed in EDTA-coated
tubes and centrifuged at 10,000 r·min-1 for 10min. 100μL
of supernatant plasma was collected and stored in a refriger-
ator at -80°C until use. Plasma samples were processed using
the ethyl acetate resolution method [24]. After centrifuga-
tion, 100μL of the supernatant was placed in a 1mL centri-
fuge tube, and 1mL of ethyl acetate was added, vortexed for
5min, and centrifuged at 12000 r·min-1 for 10min (4°C).
900μL of the upper layer of ethyl acetate was aspirated and
placed in a new centrifuge tube and blown dry with nitrogen,
200μL of mobile phase was added and redissolved and vor-
texed for 5min, and the supernatant was aspirated into the
sample. The supernatant was centrifuged at 12000 r·min-1

for 10min (4°C), aspirated, and reserved.

3.4.4. Establishment of Standard Curve. Add 100μL of rabbit
plasma in a 1mL centrifuge tube with 10μL of Chrysopha-
nol standard solution (1.00, 1.50, 2.00, 5.00, 10.00, 15.00,
20.00, 50.00, 100.00, and 150.00μg·mL-1); then add 1mL of
ethyl acetate extract, vortex and mix for 5min, and centri-
fuge at 12000 r·min-1 for 10min (4°C). Aspirate 900μL of
the upper layer of ethyl acetate into a new centrifuge tube,
blown dry under nitrogen, add 200μL of mobile phase to
redissolve, vortex for 5min, centrifuge at 12000 r·min-1 for
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Figure 5: The standard curve of Chrysophanol.
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Figure 4: The UV spectrophotometer wavelength scan spectrum of Pluronic F127.
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10min (4°C), and aspirate the supernatant. According to the
chromatographic conditions in Section 3.4.1, the superna-
tant was determined by HPLC and a standard curve was
established.

3.4.5. Data Processing. Pharmacokinetic parameters data
were fitted according to the PK Solver 2.0 program [25],
and the fitted model was evaluated and pharmacokinetic
parameters were calculated.

4. Results and Discussion

4.1. Preexperimental Study and Standard Curve Construction

(1) In the preexperimental study, the dissolution time of
Chrysophanol in solution was 60 ± 1, 38:33 ± 5,
33:33 ± 5, and 18:33 ± 5min after stirring, magnetic
stirring, water bath shaking, and ultrasonication.
The absorbance measured by the four methods was
0:13 ± 0:05, 0:49 ± 0:03, 0:52 ± 0:01, and 0:60 ± 0:01
. The results are shown in Figures 1 and 2. Ultrasoni-
cation was chosen as the physical solubilization

method for this study because it had the shortest dis-
solution time and the largest absorbance

(2) Chrysophanol-Pluronic F127 nanomicelles were pre-
pared by dialysis with four organic solvents, namely,
anhydrous ethanol, chloroform, dichloromethane,
and acetone. The encapsulation efficiency of the pre-
pared nanomicelles was 10:426 ± 3:673%, 30:947 ±
0:62%, 21:287 ± 2:58%, and 35:307 ± 2:34%, and
the results are shown in Figure 3. The acetone was
chosen as the organic solvent for this study because
the encapsulation efficiency of the prepared nanomi-
celles was the largest

(3) After dissolving Pluronic F127 in anhydrous ethanol
and diluting it by a certain multiple, the UV spec-
trophotometer was scanned in the wavelength range
of 200~600nm using anhydrous ethanol as a blank
control. According to the full wavelength scan spec-
trum of UV spectrophotometer in Figure 4, the
maximum absorption wavelength of Pluronic F127
was at 200nm, which did not interfere with
Chrysophanol

Table 1: The table of optimization prescription by CCD design method.

Std Run
Factor 1 A:A

The ratio of drug dose to excipient dose
Factor 2 B:B

Amount of organic solvent
Response 1 R1

EE%

9 1 15 8 73

4 2 20 10 47.67

12 3 15 8 73

8 4 15 10.8284 34.15

10 5 15 8 73

11 6 15 8 73

3 7 10 10 35.76

5 8 7.92893 8 46.58

13 9 15 8 73

1 10 10 6 49.92

6 11 22.0711 8 53.97

2 12 20 6 68.62

7 13 15 5.17157 78.54

Table 2: Model significance results of optimization prescription by CCD design method.

Source Sum of squares df Mean square F-value P value

Model 2826.57 5 565.31 24.37 0.0003 Significant

A-A 210.75 1 210.75 9.09 0.0195

B-B 1197.73 1 1197.73 51.64 0.0002

AB 11.53 1 11.53 0.4969 0.5036

A2 1012.94 1 1012.94 43.67 0.0003

B2 567.48 1 567.48 24.47 0.0017

Residual 162.36 7 23.19

Lack of fit 162.36 3 54.12

Pure error 0.0000 4 0.0000

Cor total 2988.93 12
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Table 3: Optimum preparation conditions.

Number A B R1 Desirability

1 16.312 6.596 77.967 0.987 Selected
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The equation of the standard curve for linear regression
using least squares is Equation (1), and the results are shown
in Figure 5.

y = 0:0595x + 0:0104 R2 = 0:9991
� �

: ð1Þ

4.2. Single-Factor Test and Prescription Optimization

4.2.1. Single-Factor Test

(1) Chrysophanol-Pluronic F127 nanomicelles were pre-
pared by dialysis when the ratio of drug amount to
excipient amount was set at 1 : 5, 1 : 10, 1 : 15, 1 : 20,
and 1 : 25, i.e., 5mg of Chrysophanol and 25mg,
50mg, 75mg, 100mg, and 125mg of Pluronic

200 nm

Figure 10: The morphology of Chrysophanol-Pluronic F127 nanomicelles under transmission electron microscopy using 200 nm as a scale.
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F127. The maximum encapsulation efficiency of
67:58 ± 1:36% was achieved when the ratio of drug
amount to excipient amount was 1 : 15, i.e., 5mg
for Chrysophanol and 75mg for Pluronic F127

(2) Chrysophanol-Pluronic F127 nanomicelles were pre-
pared when the organic solvent (acetone) volume
conditions were set to 2mL, 4mL, 6mL, 8mL, and
10mL. The maximum encapsulation efficiency was
67:00 ± 0:98% when the organic solvent volume
was 8mL

4.2.2. Analysis of Variance and Model Fitting of Optimal
Prescription by CCD Design Method. The prescription of
Chrysophanol-Pluronic F127 nanomicelles prepared by dial-

ysis was optimized by CCD design method. The analysis of
variance of the optimized prescription model by CCD design
method is shown in Table 1. The results of significant differ-
ences of the models are shown in Table 2. The model fit is
shown in Figures 6 and 7, and the fitted equation obtained is

r1 = 166:93629 + 16:86478A + 32:55582B − 0:169750AB
− 0:482675A2 − 2:25797B2 R2 = 0:9457

� �
:

ð2Þ

It can be seen that the model fits well and has a small
error. The binomial model fit showed a significant differ-
ence, P < 0:01. Factor A (the ratio of drug dose to excipient

A
U

0.00

0.02

0.04

0.06

0.08

0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00

Figure 13: The HPLC spectrum of Chrysophanol.
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dose) had a significant effect (P < 0:01). Factor B (amount of
organic solvent (acetone)) had a significant effect (P < 0:01),
with the degree of effect being B > A. In the interaction term,
AB had no significant effect (P > 0:05). In the secondary
term, A2 (P< 0.01) had a more significant effect and B2

(P < 0:01) had a more significant effect.

4.2.3. Optimum Preparation Conditions. It was proved that
the optimal prescription conditions were as follows: the ratio
of drug dose to excipient dose is 1 : 16.309, and organic sol-
vent volume is 6.595mL. The encapsulation efficiency was
78:05 ± 0:79%, RSD = 1:01%, RSD < 2%, and the deviation
from the predicted value was small, indicating that the test
fit was in line with the requirements. The results are shown
in Table 3.

4.3. The Particle Size, Potential, and Morphology of
Nanomicelles. The particle size of Chrysophanol-Pluronic
F127 nanomicelles in water was 152.8 nm with a PDI of
0.225. The zeta potential was -23.9mV, as shown in
Figures 8 and 9. Under transmission electron microscopy,
the Chrysophanol-Pluronic F127 nanomicelles appeared to
be in a homogeneous black spherical shape, as shown in
Figure 10.

4.4. In Vitro Release Studies. As shown in Figure 11, the in vi-
tro release curve was established and the release of
Chrysophanol-Pluronic F127 nanomicelles was significantly
better than that of Chrysophanol. Standard curves for
in vitro release were established, the fitted equation obtained
is Equation (3), and the results are shown in Figure 12.
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y = 0:0589x + 0:0168 R2 = 0:9995
� �

: ð3Þ

4.5. In Vivo Pharmacokinetic Study in Rabbits

4.5.1. Establishment of HPLC Standard Curve. According to
the chromatographic conditions under Section 3.4.1, the
maximum absorption peak of Chrysophanol was measured
at 8:7 ± 0:3min, and the maximum absorption peak of blank
rabbit plasma was measured at 5:2 ± 0:2min, which did not
interfere with each other, and the results are shown in
Figures 13 and 14. The HPLC spectrum of rabbit plasma
measured after administration is shown in Figure 15. The
standard curve established was Equation (4), and the results
are shown in Figure 16.

y = 47232x + 1829 R2 = 0:9996
� �

: ð4Þ

4.5.2. Plasma Concentration-Time Profiles in Rabbits. The
time profiles of plasma concentration of Chrysophanol solu-
tion and Chrysophanol-Pluronic F127 nanomicelles solution
injected intravenously at the ear margins of six rabbits,
respectively, are shown in Figure 17.

4.5.3. Analysis of Pharmacokinetic Parameters. The model
was embedded with the PK Solver 2.0 pharmacokinetic cal-
culation program for Chrysophanol and Chrysophanol-
Pluronic F127 nanomicelles plasma concentration-time
data. The results showed that the variation of plasma con-
centration with time after intravenous injection of Chryso-
phanol and Chrysophanol-Pluronic F127 nanomicelles was
consistent with the two-compartment model. The pharma-
cokinetic parameters were calculated on this basis, and the
parameters showed that the distribution of Chrysophanol
and Chrysophanol-Pluronic F127 nanomicelles in rabbits
was basically the same, and the elimination time of
Chrysophanol-Pluronic F127 nanomicelles was about three
times longer than that of Chrysophanol, which greatly
improved the residence time of the drug in rabbits, and the
specific results are shown in Table 4.

5. Conclusions

In this study, Chrysophanol-Pluronic F127 nanomicelles
were prepared by dialysis method, which is simple and easy
to prepare under laboratory conditions and easy to adjust

the preparation conditions. In order to avoid the influence
of continuous variables in the experiment, a central compos-
ite design method different from the traditional experimen-
tal design was used in this study. This method is able to fit
the corresponding surface model well and gives intuitive
optimization regions to obtain the best preparation condi-
tions. And the particle size potential and appearance mor-
phology of the prepared Chrysophanol-Pluronic F127
nanomicelles were investigated by Malvern particle size
meter and transmission electron microscope. It was found
that the prepared nanomicelles have uniform particle size
and good potential and appear as uniform black spheres
under transmission electron microscopy. Through in vitro
release experiments, it was demonstrated that the prepared
nanomicelles could significantly improve the water solubility
of Chrysophanol, and the in vitro release of Chrysophanol-
Pluronic F127 nanomicelles was significantly higher than
that of Chrysophanol. The treatment of the blood samples
in the pharmacokinetic section, using ethyl acetate resolubi-
lization, was more scientific than the traditional precipita-
tion of proteins using methanol alone. The traditional
method of protein precipitation using organic solvents such
as methanol [26–28] does not take into account the possibil-
ity of drug precipitation with proteins or the possibility of
complete removal of other components of the blood sample
on the experimental results. The ethyl acetate resolubiliza-
tion method in this study is more likely to avoid the loss of
drug in the blood sample and the influence of other compo-
nents in the blood sample. The results of pharmacokinetic
study showed that the pharmacokinetic process of Chryso-
phanol in rabbits after intravenous injection at the ear
margin was in accordance with the open two-compartment
model, with rapid distribution and mainly elimination pro-
cess, which belongs to the slow elimination class of drugs.
After intravenous injection of Chrysophanol nanomicelles
at the ear margin of rabbits, the pharmacokinetic process
in rabbits was also consistent with the open two-
compartment model, with faster distribution and no signifi-
cant changes in Chrysophanol, but the elimination time of
the drug was significantly longer, and the drug effect could
exist in rabbits for a longer period of time. It is hoped that
this study can provide a laboratory basis for the preparation
of Chrysophanol-Pluronic F127 nanomicelles and pharma-
cokinetic studies and provide a reference for the clinical
application of Chrysophanol.

Table 4: The main pharmacokinetic parameters in rabbits.

Pharmacokinetic parameters Unit Chrysophanol (n = 6, x ± s) Chrysophanol-Pluronic F127 nanomicelles (n = 6, x ± s)

t1/2α/h h 0:308 ± 0:207 0:469 ± 0:347
t1/2β/h h 2:059 ± 1:140 7:715 ± 2:035
V (mg)/(μg/ml) 1:569 ± 0:767 2:099 ± 0:358
AUC μg/ml∗h 4:233 ± 1:290 12:186 ± 0:603
CL (mg)/(μg/ml)/h 1:716 ± 0:359 0:399 ± 0:053
MRT h 1:762 ± 0:831 10:386 ± 2:429

11Journal of Nanomaterials



Data Availability

The data used to support the findings of this study are
included within the article.

Conflicts of Interest

The authors declare that they have no competing interest.

Acknowledgments

This study was funded financially by the Higher Education
Teaching Reform Research and Practice Project of Hebei
Province (No. 2017GJJG176) and Natural Science Research
Project of Hebei North University (No. YB2020016).

References

[1] G. J. Choi, S. W. Lee, K. S. Jang, J. S. Kim, K. Y. Cho, and J. C.
Kim, “Effects of chrysophanol, parietin, and nepodin of
Rumex crispus on barley and cucumber powdery mildews,”
Crop Protection, vol. 23, no. 12, pp. 1215–1221, 2004.

[2] S. Su, J. Wu, Y. Gao, Y. Luo, D. Yang, and P. Wang, “The phar-
macological properties of chrysophanol, the recent advances,”
Biomedicine & Pharmacotherapy, vol. 125, article 110002,
2020.

[3] X. Li, Y. Cheng, Y. Qin et al., “Chrysophanol exerts neuropro-
tective effects via interfering with endoplasmic reticulum stress
apoptotic pathways in cell and animal models of Alzheimer’s
disease,” Journal of Pharmacy and Pharmacology, vol. 74,
no. 1, pp. 32–40, 2022.

[4] J. Liu, Z. Zhu, Y. Yang et al., “Preparation, characterization,
pharmacokinetics, and antirenal injury activity studies of lico-
chalcone A-loaded liposomes,” Journal of Food Biochemistry,
vol. 46, article e14007, 2022.

[5] J. Xin, H. Yi, X. Tan, and Y. Ding, “Preparation and in vivo
pharmacokinetics of chrysophanol albumin nanoparticles,”
Chinese Traditional Patent Medicine, vol. 43, no. 6,
pp. 1399–1404, 2021.

[6] M. Gu, L. Lu, Q. Wei et al., “Improved oral bioavailability and
anti-chronic renal failure activity of chrysophanol via mixed
polymeric micelles,” Journal of Microencapsulation, vol. 38,
no. 1, pp. 47–60, 2021.

[7] M. Tamang and K. K. Paul, “Adsorptive treatment of phenol
from aqueous solution using chitosan/calcined eggshell adsor-
bent: optimization of preparation process using Taguchi statis-
tical analysis,” Journal of the Indian Chemical Society, vol. 99,
no. 1, article 100251, 2022.

[8] Y. Rao, R. Li, S. Liu et al., “Enhanced bioavailability and bio-
safety of cannabidiol nanomicelles for effective anti-
inflammatory therapy,” Particuology, vol. 69, pp. 1–9, 2022.

[9] X. Sun, Y. Sheng, K. Li et al., “Mucoadhesive phenylboronic
acid conjugated chitosan oligosaccharide-vitamin E copoly-
mer for topical ocular delivery of voriconazole: synthesis,
in vitro/vivo evaluation, and mechanism,” Acta Biomaterialia,
vol. 138, pp. 193–207, 2022.

[10] Y. Yang, L. M. R. Alencar, M. S. O. Pijeira et al., “[223Ra]
RaCl2 nanomicelles showed potent effect against osteosar-
coma: targeted alpha therapy in the nanotechnology era,”Drug
Delivery, vol. 29, no. 1, pp. 186–191, 2022.

[11] H.Wang, F. Zhang, H.Wen et al., “Tumor- andmitochondria-
targeted nanoparticles eradicate drug resistant lung cancer

through mitochondrial pathway of apoptosis,” Journal of
Nanobiotechnology, vol. 18, no. 1, pp. 1–21, 2020.

[12] L. Yf, “Preparation, investigation of physicochemical proper-
ties and antitumor effect in vitro of folate-modified compound
micellar loaded curcumin and piperine,”Hebei North Univerd-
ity, 2020.

[13] D. Karataş, F. Bahadori, A. Tekin, G. Ergin Kizilcay, and M. S.
Celik, “Enhancing the kinetic stability of polymeric nanomi-
celles (PLGA) using nano-montmorillonite for effective target-
ing of cancer tumors,” The Journal of Physical Chemistry B,
vol. 126, no. 2, pp. 463–479, 2022.

[14] D. Luo, X. Wang, X. Zhong et al., “MPEG-PCL nanomicelles
platform for synergistic metformin and chrysin delivery to
breast cancer in mice,” Anti-Cancer Agents in Medicinal
Chemistry (Formerly Current Medicinal Chemistry-Anti-
Cancer Agents), vol. 22, no. 2, pp. 280–293, 2022.

[15] J. W. Nah, Y. W. Paek, Y. I. Jeong et al., “Clonazepam release
from poly (DL-lactide-co-glycolide) nanoparticles prepared
by dialysis method,” Archives of Pharmacal Research, vol. 21,
no. 4, pp. 418–422, 1998.

[16] A. Rahdar, M. R. Hajinezhad, M. Barani et al., “Pluronic F127/
doxorubicin microemulsions:preparation, characterization,
and toxicity evaluations,” Journal of Molecular Liquids,
vol. 345, article 117028, 2022.

[17] T. Aung, S. J. Kim, and J. B. Eun, “A hybrid RSM-ANN-GA
approach on optimisation of extraction conditions for bioac-
tive component-rich laver (Porphyra dentata) extract,” Food
Chemistry, vol. 366, article 130689, 2022.

[18] H. Yue, Z. Shang, P. Xu, D. Feng, and X. Li, “Preparation of
EDTA modified chitooligosaccharide/sodium alginate/Ca2+
physical double network hydrogel by using of high-salinity oil-
field produced water for adsorption of Zn2+, Ni2+ and Mn2
+119767,” Separation and Purification Technology, vol. 280,
2022.

[19] H. M. Ibrahim, W. M. W. Yusoff, A. A. Hamid, R. M. Illias,
O. Hassan, and O. Omar, “Optimization of medium for the
production of β-cyclodextrin glucanotransferase using central
composite design (CCD),” Process Biochemistry, vol. 40, no. 2,
pp. 753–758, 2005.

[20] N. Shahbazi, R. Zare-Dorabei, and S. M. Naghib, “Design of a
ratiometric plasmonic biosensor for herceptin detection in
HER2-positive breast cancer,” ACS Biomaterials Science &
Engineering, vol. 8, no. 2, pp. 871–879, 2022.

[21] C. Human, D. De Beer, S. Bowles, and E. Joubert, “Effect of
electrospraying conditions on the properties of aspalathin-
Eudragit S100 nanoparticles and assessment of orogastroin-
testinal stability and membrane permeability,” Food Frontiers,
2022.

[22] D. Patil, S. Pattewar, S. Palival, G. Patil, and S. Sharma, “Fabri-
cation and characterization of nanostructured lipid carrier sys-
tem for effective delivery of poorly water-soluble drug
quetiapine fumarate,” Research Journal of Pharmacy and Tech-
nology, vol. 14, no. 12, pp. 6235–6244, 2021.

[23] X.-h. Tan, J.-m. Tian, X.-l. Xin, S.-h. Wang, and A. N. Fang,
“Isolation and purification of chrysophanol and its pharmaco-
kinetics and tissue distribution in rabbits,” Chin J New Drugs
Clin Rem, vol. 32, no. 7, pp. 555–560, 2013.

[24] W. A. N. G. Rui, Y. A. N. G. Ruoyi, and Z. H. U. O. Xuequn,
“Pharmacokinetics and pharmacodynamics study of acupoint
application with Duhuo gel plaster in the treatment of rheu-
matoid arthritis in model rabbits,” China Pharmaceuticals,
vol. 31, no. 1, pp. 35–39, 2022.

12 Journal of Nanomaterials



[25] R. Rana, S. Rani, V. Kumar, K. T. Nakhate, Ajazuddin, and
U. Gupta, “Sialic acid conjugated chitosan nanoparticles: mod-
ulation to target tumour cells and therapeutic opportunities,”
AAPS Pharm Sci Tech, vol. 23, no. 1, pp. 1–16, 2022.

[26] W. Wu, K. Li, C. Zhao, X. Ran, Y. Zhang, and T. Zhang, “A
rapid HPLC–MS/MS method for the simultaneous determina-
tion of luteolin, resveratrol and their metabolites in rat plasma
and its application to pharmacokinetic interaction studies,”
Journal of Chromatography B, vol. 1191, p. 123118, 2022.

[27] M. Hu, J. Yu, H. Zhang, and Q. Xu, “An efficient method for
the recovery and separation of surfactin from fermentation
broth by extraction-back extraction,” Process Biochemistry,
vol. 114, pp. 59–65, 2022.

[28] X. Jiang, Q. Liu, and S. Xue, “LC–MS/MS method for determi-
nation of kansuinine a in rat plasma and its application to a rat
pharmacokinetic study,” Biomedical Chromatography, vol. 36,
article e5282, 2021.

13Journal of Nanomaterials


	Study on Central Composite Design Method to Optimize the Preparation Process of Chrysophanol-Pluronic F127 Nanomicelles and Pharmacokinetics
	1. Introduction
	2. Materials and Methods
	2.1. Materials

	3. Methods
	3.1. Preparation of Micelles
	3.1.1. (1) Pretreatment of Dialysis Bags [12]
	3.1.2. Preexperimental Study
	3.1.3. Preparation Process of Chrysophanol-Pluronic F127 Nanomicelles
	3.1.4. Determination Method and Standard Curve Construction
	3.1.5. Single-Factor Test
	3.1.6. Optimization of Prescription by Central Composite Design Method

	3.2. Study of Particle Size, Potential and Appearance of Chrysophanol-Pluronic F127 Nanomicelles
	3.3. In Vitro Release Studies
	3.4. In Vivo Pharmacokinetic Study in Rabbits
	3.4.1. Chromatographic Conditions
	3.4.2. Treatment of Chrysophanol Control Group
	3.4.3. Experimental Procedure and Blood Sample Processing
	3.4.4. Establishment of Standard Curve
	3.4.5. Data Processing


	4. Results and Discussion
	4.1. Preexperimental Study and Standard Curve Construction
	4.2. Single-Factor Test and Prescription Optimization
	4.2.1. Single-Factor Test
	4.2.2. Analysis of Variance and Model Fitting of Optimal Prescription by CCD Design Method
	4.2.3. Optimum Preparation Conditions

	4.3. The Particle Size, Potential, and Morphology of Nanomicelles
	4.4. In Vitro Release Studies
	4.5. In Vivo Pharmacokinetic Study in Rabbits
	4.5.1. Establishment of HPLC Standard Curve
	4.5.2. Plasma Concentration-Time Profiles in Rabbits
	4.5.3. Analysis of Pharmacokinetic Parameters


	5. Conclusions
	Data Availability
	Conflicts of Interest
	Acknowledgments

