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Preparation Process of Plumbagin Nanomicelle In-situ Gel
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Abstract

[ Objectives ] To prepare plumbagin nanomicelle ( PLB-N) in-situ gel, and optimize the formulation and process. [ Methods ]

PLB-N was prepared by self-assembly method, and the optimal formulation of PLB-N in-situ gel was determined by orthogonal experiment de-

sign and single factor method. [ Results] The optimal preparation process for PLB-N was a drug to lipid ratio of 1 : 3, a Tween 80 content of

5% , an ethanol content of 7.5% of the hydration medium, a magnetic stirring speed of 2 200 rpm, a stirring time of 30 min, and an ultra-
sound time of 10 min. The optimal formulation of PLB-N in-situ gel was 22% of poloxamer 407, 6% of poloxamer 188, and 1 : 1 of PLB-N to
water. The encapsulation efficiency of PLB-N prepared with the optimal formula was (95.8% +0.4% ), and the average particle size was
(75.19 +1.14) nm, and the Zeta potential was ( =20.73 £1.19) mv. [ Conclusions] PLB-N in-situ gel had stable and reliable preparation

process , uniform content, and broad application prospects.
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1 Introduction

Plumbago zeylanica L. is derived from the whole herb or root of
P. zeylanica L. , a plant of the family Plumbaginaceae, and is a
commonly used ethnic medicine in China''". Tt is commonly used
in folk medicine to treat injuries caused by falls, carbuncle and
swelling, hepatosplenomegaly, rheumatic pain, bone hyperplasia,
stomach and abdominal distension, and psoriasis”’. In recent
years, reports on the chemical composition and clinical pharmacol-
ogy of P. zeylanica L.. have shown that it has antibacterial, anti-
inflammatory, anti-tumor, anti-liver injury and liver fibrosis, and

]

acaricidal effects"’. Plumbagin (PLB) is one of the main anti-

tumor active ingredients of P. zeylanica L., and has achieved

good results in the treatment of breast cancer, skin cancer and
other tumors"*~*.
At present, domestic and international reports on PLB prepa-
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rations, such as liposomes' "
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, cyclodextrin inclusion comple-
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microspheres' ~' | nanoparticles etc. , are mostly
administered orally or by injection, with significant systemic toxic-
ity and side effects. P. zeylanica L. is more external use in folk
medicine , and transdermal administration has a therapeutic effect.
PLB has a small molecular weight ( Mr 188. 18), low melting
point (mp 76 =78 °C), and poor water solubility (79.3 +1.7)
pg/mL. It is easy to sublimate, with a short biological half-life
and skin irritation. Therefore, PLB is prepared into nanomicelles,
which are formed by amphiphilic molecules. By encapsulating the
drug in a hydrophobic core, the solubility of the drug is increased,
and the irritation of the drug is reduced, and external environmen-
tal damage is avoided, thereby improving the stability of the drug.
However, the nanomicelle solution is a liquid formulation with
high fluidity and is inconvenient to use. Therefore, PLB-N in-situ

gel was prepared for transdermal administration for the first time in
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this paper, and the addition of gel matrix made up for the defect of
liquid preparation that is easy to lose in skin drug delivery. The
research aimed to improve the solubility and stability of PLB and
lay a foundation for the subsequent development and use of this

formulation.

2 Materials

2.1 Instruments Shimadzu High-performance liquid chroma-
tography, Shimadzu ( Suzhou) Instrument Co., Ltd.; SHB-III
circulating  water Zhengzhou
and Trade

Co. , Lid. ; Malvern laser particle size analyzer, UK Marvin In-

multi-purpose  vacuum  pump,

Changcheng Science and Technology Industry
struments Co. , Ltd. ; UV spectrophotometer, Beijing Puxi Gener-
al Instrument Co., Ltd.; KQ-250DE type of CNC ultrasonic
cleaner, Kunming Ultrasonic Instrument Co. , Ltd. ; XW-80A vor-
tex mixer, Shanghai Qingpu Huxi Instrument Factory; TGL-16G
high-speed tabletop centrifuge, Shanghai Anting Scientific Instru-
ment Factory; DF-101D-collecting type of constant-temperature
heating magnetic stirrer, Zhengzhou Yuchuang Instrument Equip-
ment Co. , Ltd.
2.2 Reagents PLB, self-made, purity >98% ; soy lecithin,
Beijing Kulaibo Technology Co. , Ltd. ; polysorbate-80, Chengdu
Kelong Chemical Co., Lid; polyethylene glycol 400, Fuchen
(Tianjin) Chemical Reagent Co. , Ltd. ; P 407 ( poloxamer 407) ,
Chengdu Kelong Chemical Co. , Ltd. ; P 188 ( poloxamer 188),

Shandong Yousuo Chemical Technology Co. , Ltd.

3 Methods and results

3.1 Preparation of PLB-N An appropriate amount of lecithin
and PLB were accurately weighed, and a small amount of anhy-
drous ethanol was added to dissolve. Under magnetic stirring, an
appropriate amount of Tween 80 solution and a certain volume of
anhydrous ethanol were added. After mixing for 10 min at 2 200
rpm by magnetic stirring, pure water was slowly added to fix the
volume, and it continued magnetic stirring for 30 min. Then, it
passed through 0.22 pm of microporous filter membrane, thereby

obtaining immediately PLB-N.
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3.2 Establishment of HPLC method

3.2.1 Chromatographic conditions. Diamonsil, C,;(2) chroma-
tographic column (5 wm, 200 mm x4.6 mm) ; column tempera-
ture of 30 “C; velocity of flow 1 ml/min; injection volume of
10 pL; mobile phase of methanol : water =75 @ 25; detection
wavelength of 216 nm.

3.2.2 Preparation of reference and sample solutions. An appro-
priate amount of PLB reference material was accurately weighed
and dissolved in methanol. After fixing the volume, a PLB refer-
ence solution was obtained. 0.3 mL of PLB-N was taken, and an
appropriate amount of methanol was added to ultrasonically break
the capsule, fix the volume, and centrifuge. The supernatant was
taken to pass through 0.22 pm of microporous filter membrane,
thereby obtaining PLB-N sample solution. The same method was
used to prepare blank nanomicelle solution.

3.2.3 Interference test. PLB reference substance, PLB-N, and
blank nanomicelles were detected according to the chromatograph-
ic conditions of Section 3. 2. 1, andthe chromatographic peaks
were recorded (Fig. 1). The results indicated that the retention
time of PLB was appropriate, and the blank nanomicelles had no
absorption. It indicated that the excipients will not interfere with
the determination of PLB.

A PLB

0 1 2 3 4 5 6 7 8 9
Time Il min

B

0 1 2 3 4 5 6 7 8 9
Time /Il min

PLB

C

0 1 2 3 4 5 6 7 8 9
Time /| min

Fig.1 HPLC chromatograms of PLB reference substance (A),

blank nanomicelles (B), and PLB nanomicelles ( C)

3.2.4 Examination of linear relationships. 3.5 mg of PLB refer-
ence substance was accurately weighed and placed in a 25 mL of
volumetric flask. Methanol was added for ultrasonic dissolution,
and the volume was fixed. After shaken well, a 140 pg/mL of

PLB stock solution was obtained. 2 mL of the stock solution was
taken into a 10 mL of volumetric flask, and the volume was fixed
with methanol. After shaken well, a 28 pg/mL of PLB test solu-
tion was obtained and passed through 0.22 pwm of microporous fil-
ter membrane. According to the chromatographic conditions of
Section 3.2. 1, the volume of 2, 4, 6, 8, 10, and 12 pL was
used for injection detection, and peak area was recorded. Using
the injection volume M as the horizontal ordinate and the peak area
A as the longitudinal coordinate, linear regression was performed
to obtain the linear regression equation A =3 x 10° M + 10 157,
r=0.9999 (n=6). The results indicated that PLB had a good
linear relationship within the range from 0.056 to 0.336 pg.

3.2.5 Stability test.

taken, and methanol was added for sonicate for 20 min. After the

An appropriate amount of PLB-N was

volume was fixed, it was shaken well. According to the chromato-
graphic conditions of Section 3.2.1, the peak area was measured
at0,2,4,6,8,10, 12, and 24 h, and the sample content and
RSD value were calculated. The results showed that the RSD value
was 1.17% , and the prepared solution had good stability.

3.2.6 Sample recovery rate test. 9 portions of blank nanomi-
celles were accurately measured and divided into 3 groups, each
containing 0.5 mL. An appropriate amount of PLB reference solu-
tion and methanol were accurately added for sonicate for 20 min.
After the volume was fixed, it was shaken well, and three groups
of solutions with PLB content of 5.6, 14.0, and 28.0 g were
prepared. Using the method of Section 3. 2.1, the peak area of
PLB in three groups of solutions was measured, and the drug con-
tent in each sample was calculated, and the recovery rate was ob-
tained. The results showed that average sample recovery rate was
98.2% , with an RSD of 1.06% .

3.3 Determination of encapsulation efficiency Drug encap-
sulation efficiency was determined using membrane filtration com-
d7 0.2 mL of

PLB-N was taken into a 10 mL of volumetric flask, and an appro-

bined with high-speed centrifugation metho

priate amount of anhydrous ethanol was added for sonicate for
15 min to destroy the micelle structure. Anhydrous ethanol was
used to fix the volumn, and the absorbance was measured with a
UV spectrophotometer. The content of the encapsulated drug in

the micelle was calculated, and it was taken as M, An appro-

total
priate amount of PLB-N was taken and passed through 0.22 pm of
filter membrane. After centrifuged at 12 000 rpm for 20 min,
0.2 mL of the supernatant was taken in a 10 mL of volumetric
flask. An appropriate amount of anhydrous ethanol was added for
sonicate for 15 min to destroy the micelle structure. The anhydrous
ethanol was used to fix the volume, and the absorbance was
measured under UV spectrophotometry. The drug content was cal-

culated and counted as M According to the formula, the en-

package *

capsulation efficiency ( EE% ) and drug loading ( DL% ) were

calculated.
EE% =M, .../ M, X 100% (1)
DLY% =M e’ (M + M pioiiia) % 100% (2)
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3.4 Single-factor inspection test
3.4.1

effect of magnetic stirring speed on nanomicelles was relatively

Effect of magnetic stirring speed on nanomicelles. The

small. The magnetic stirring speed was set at 800, 1 500, and
2 200 rpm, with a fixed time of 30 min. When the stirring speed
reached 1 500 rpm, the particle size was the smallest, but the en-
capsulation rate was also the smallest at this moment. Taking into
account, 2 200 rpm was selected as the magnetic stirring speed.
3.4.2 Effect of magnetic stirring time on nanomicelles. The
effect of stirring time of 30, 45, and 60 min on particle size and
encapsulation efficiency was studied. It was found that the particle
size and encapsulation efficiency were not positively correlated
with the magnetic stirring time. When the time was 45 min, the
encapsulation efficiency was the highest, but the particle size was
the largest at this moment. Based on comprehensive analysis, it
was determined that the magnetic stirring time was 30 min.

3.4.3 Effect of ultrasound time on nanomicelles. The effect of
ultrasound time at 0, 5, and 10 min on particle size and encapsu-
lation efficiency was studied. As the ultrasound time increased,
the encapsulation efficiency increased, while the particle size
gradually decreased, but the difference in encapsulation efficiency
was not significant. In order to prepare nanomicelles with high en-
capsulation efficiency and small particle size, the final ultrasound
time for the experiment was chosen as 10 min.

3.5 Orthogonal experimental design for optimizing formulation
3.5.1 Experimental design. Based on the results of single-factor
investigation and literature reports, three factors that had a signifi-
cant impact on the encapsulation efficiency were selected as the
investigation factors; ratio of drug to lipid A (W/W) , Tween con-
tent B (V/V), and ethanol content C (V/V) , and each factor set
three levels (Table 1). According to the orthogonal experimental
table, PLB nanomicelles with different formulations were pre-
pared, and the formulation was optimized using encapsulation effi-

ciency and particle size as evaluation indicators.

Table 1  Orthogonal experiment factors and levels of PLB-N optimal
formulation
Factor
Level Ratio of drug Tween content Ethanol content
to lipid (A) (B) /% (C) /%

1 1:3 2.0 5.0

2 1:5 3.5 7.5

3 1:7 5.0 10.0

3.5.2 Determination of optimal formulation. Whether evaluated
by encapsulation efficiency or particle size, it was optimal level
when ratio of drug to lipid was 1 : 3 and ethanol content was
10% . When using encapsulation efficiency as an evaluation indi-
cator, the optimal level of Tween content was 3.5% , and influen-
cing factors were A >C >B. When using particle size as an indi-
cator, the optimal level of Tween content was 5% , and influen-
cing factors were A > B > C. According to the range value R, it
was found that the main factors affecting encapsulation efficiency

and particle size were ratio of drug to lipid and Tween content.
After comprehensive analysis, the optimal formulation was

determined as A,B,C,. The experimental results were shown in

Table 2.

Table 2 Orthogonal experiment design results of PLB-N optimal formu-

lation
Group A B C Enc‘a"p%ulation Paljticle
efficiency size

1 1 1 1 9.4 75.7
2 1 2 2 94.3 60.6
3 1 3 3 95.7 76.6
4 2 1 2 98.2 106.8
5 2 2 3 83.1 102.4
6 2 3 1 84.1 74.1
7 3 1 3 53.4 96.2
8 3 2 1 99.0 91.1
9 3 3 2 85.4 65.8
El 284.3  246.0  277.5
E2 265.4  276.3  271.9
E3 237.8  265.2 232.2
ER 46.5 30.3 45.7

Optimal A, B, C,
S1 212.9  278.6  242.3
S2 283.6  254.1 233.2
S3 253.0 216.5 275.2
SR 70.4 62.1 42.0

Optimal Ay B C,

3.5.3 Validation of optimal formulation. Three batches of PLB
nanomicelles were prepared according to the optimal formulation
process, with a drug lipid ratio of 1 : 3 (W/W), a Tween content
of 5% (V/V), and an ethanol content of 7.5% (V/V). The en-
capsulation efficiency was 95.8% , 95.3% , and 96.2% , respec-
tively, while particle sizes were 72.4, 72.9, and 79.2 nm. The
difference in encapsulation efficiency and particle size among the
three batches of PLB-N was not significant, indicating that PLB-N
prepared by the method and formulation had good reproducibility.
3.6 Investigation of physical and chemical properties of
PLB nanomicelles

3.6.1 Determination of particle size and Zeta potential. The ob-
tained PLB-N was a yellow solution. Using Malvern laser particle
size analyzer, the particle size, PDI, and Zeta potential of the
prepared nanomicelles were measured by measuring the intensity of
scattered light. The average particle size and particle size distribu-
tion coefficient of PLB-N measured in the experiment were
(75.19 £1.14) and (0.276 +0.004) nm, respectively, with a
Zeta potential of ( —=20.73 £1.19) mV.

3.6.2 Stability inspection. Three batches of PLB nanomicelle
solutions were prepared and stored in a dark place at 4 C. Sam-
ples were taken and tested at 0, 7, 15, and 30 d, respectively.
The stability of PLB-N stored at 4 °C for 30 d was evaluated using
encapsulation efficiency, particle size, and PDI as evaluation in-
dicators. The results showed that the encapsulation efficiency and
particle size of PLB nanomicelles did not change significantly on



38 Medicinal Plant 2023

the 30" day, with a leakage rate of 2.38% , indicating that the
PLB-N prepared by this formulation had good stability under 4 °C.
3.7 Preparation of PLB-N in-situ gel and determination of
gelling temperature

3.7.1 Preparation of PLB-N in-situ gel. PLB-N in-situ gel was
prepared by cold solution method. P407 and P188 with different
mass percent content were weighed and placed into beaker, and
proper amount of pure water and PLB-N were added to make them
fully wet. Then, it was placed in a refrigerator at 4 °C to fully
swell 24 h until clear, agglomerate free and evenly dispersed
PLB-N in-situ gel was gotten.

3.7.2 Determination of gelation temperature. The gelation tem-
perature was measured using the inverted test tube method. An
appropriate amount of gel solution was put into the test tube, and
then the test tube was put into the beaker. Ice water was added to
pass the liquid level of the test tube, and it was placed for 2 -3
min to make the temperature inside and outside the test tube con-
sistent. The mercury ball of a thermometer with an accuracy of
0.1 °C was placed into a test tube to completely immerse it in the
solution. Then, the beaker was placed in a constant-temperature
water bath to raise the temperature to 60 °C. When thermometer
increased every 0.5 °C, it quickly removed the test tube and
turned it upside down to observe the liquid flow inside the tube.
The temperature without flow was the gelation temperature.

3.8 Investigation of gelation temperature

3.8.1 Effect of P407 concentration on gelation temperature. Fix-
ing the content of P188 at 6% , the gelation temperature at differ-
ent concentrations of P407 was investigated. The results indicated
that as the concentration of P407 increased, the gelation tempera-
ture decreased. When P407 was lower than 17% , gel cannot be
made at 50 °C. When P407 was greater than 30% , the fluidity
was low at room temperature. When the concentration of P407 was
22% , the gelation temperature at this time was 35.9 °C, which
was close to the body surface temperature. So, the P407 concen-
tration was chosen as 22% .

3.8.2 Effect of P188 concentration on gelation temperature. Fix-
ing the content of P407 at 22% , the effect of P188 concentration
at 0% , 2% , 4% , 6% , 8% , and 10% on the gelation tempera-
ture was investigated. The results showed that with the increase of
P188 concentration, the gelation temperature rose. When the con-
centration was 6% , the gelation temperature was 35.3 “C. So,
P188 concentration was chosen as 6% .

3.8.3 Effect of PLB-N ratio on gelation temperature. Fixing the
content of P407 at 22% , and the content of P188 at 6% , the
effects of PLB nanomicelle addition amounts (V/V) of 1 : 0.5,
1:0.75,1:1, and 1 : 1.25 on the gelation temperature were
investigated. The results showed that there was no gelation phe-
nomenon in all ratios when temperature was higher than 50 C.
Directly adding nanomicelles, the matrix cannot fully swell after
36 h. Fixing total volume of solvent, when water to nanomicelle
ratio was 1 : 1, the gelation temperature was 35.7 C.
4 Conclusions

PLB has significant anti-tumor activity, but its toxic side effects

were significant. Based on the properties of PLB such as small mo-
lecular weight, low melting point, easy sublimation, poor water
solubility, and short biological half-life, this study used self-as-
sembly method to prepare PLB-N with high encapsulation efficien-
cy, small particle size, uniform distribution, and good stability.
However, PLB-N has high fluidity as a liquid formulation, which
makes it inconvenient to use during skin administration. Tempera-
ture sensitive in-situ gel is a kind of intelligent polymer gel that is
sensitive to temperature changes. It can form a non-chemically
crosslinked gel through phase transition with the temperature chan-
ges of storage conditions and drug application sites'”’. This kind
of gel material has good biocompatibility and biodegradability, and
good drug slow and controlled release performance effectively im-
proves the bioavailability and reduces the toxic and side effects of
drugs. Therefore, the gel matrix was added to prepare PLB-N into
a thermosensitive in-situ gel for local treatment in this paper. The
PLB-N in-situ gel prepared with the optimal formulation has good
appearance and uniform content, and its preparation method is
simple, stable and feasible, providing a new choice for the devel-
opment and application of PLB percutaneous drug delivery in the
treatment of breast cancer, skin tumors and other diseases.
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nation of 10 batches of medicinal material extracts, reaching
11.63% , so the limit was set at 80% of the lowest value!' ™'
and the extract of P. tomentella Hand. -Mazz. was tentatively de-
termined to be not less than 9.30% .

Table 5 Determination results of extract content in Pileostegia tomentel-
la Hand. -Mazz. (n=10, %)

Medicinal Extract Average content

material No. content of extract RsD
XMGGT1 16.02 14. 66 2.35
XMGGT2 15.17 2.14
XMGGT3 15.30 1.76
XMGGT4 14.75 2.05
XMGGT5 16.12 2.12
XMGGT6 15.08 1.80
XMGGT7 13.93 174
XMGGTS 14.51 2.20
XMGGT9 11.63 2.13
XMGGT10 14.12 2.18

4 Conclusion and discussion

In this experiment, the water, ash and extract content of P. to-
mentella Hand. -Mazz. from different producing areas in Guangxi
and at different collection time was determined. The test results
are as follows: for P. tomentella Hand. -Mazz. , the water content
was not more than 12. 42% , the total ash content was not more
than 7. 94% , the acid-insoluble ash content was not more than
0.91% , and the extract content was not less than 9.30% . The
test results were in accordance with the regulations. The results
showed that different producing areas and different collection time
had influence on the water content, ash and extract of medicinal
materials. In this experiment, the water content, ash content and
alcohol -soluble extract content of P. tomentella Hand. -Mazz. were
determined, and the experimental results can provide a scientific
basis for the development and utilization of P. tomentella Hand. -

Mazz. and the formulation of its quality standards.
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