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Abstract

[ Objectives ] To explore the optimal process for preparing hydroxypropyl tetrahydropyrantriol liposomes. [ Methods] A refractive

index method was used to determine the content of hydroxypropyl tetrahydropyrantriol. Using particle size distribution and encapsulation rate as

evaluation indicators, the effects of hydration time, ratio of organic phase to aqueous phase, granulation method, as well as thin film dispersion

and reverse evaporation methods on liposomes preparation were investigated, and the optimal preparation method was selected. Single factor ex-

periments were used to screen the drug phospholipid ratio, ultrasound time, and phospholipid cholesterol ratio, and the preparation process was

optimized through orthogonal experiments. [ Results] The optimal process of preparing hydroxypropyl tetrahydropyrantriol liposomes was as be-

low: 1 : 10 of drug phospholipid ratio, 6 min of ultrasound time, 4 : 1 of phospholipid cholesterol ratio, (60.94% +7.24% ) of entrapment
efficiency, (86.44 £6.08) nm of particle size, (0.195 +£0.077) of PDI. [ Conclusions| The optimal preparation process of hydroxypropyl

tetrahydropyrantriol liposomes selected by orthogonal experiment could effectively improve the encapsulation efficiency of hydroxypropyl tetrahy-

dropyranotriol and reduce particle size. Moreover, the method was stable and reliable.
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1 Introduction

Hydroxypropyl tetrahydropyrantriol is a xylose derivative with anti-
aging activity, and its chemical structure is shown as Fig. 1. Pre-
vious studies have shown that hydroxypropyl tetrahydropyrantriol
can stimulate the synthesis of mucopolysaccharides (GAGs) and
promote the production of collagen and hyaluronic acid" ™. Tt
can also promote the close connection between the dermis and epi-
dermis, help maintain the elasticity of the dermis, and prevent
skin aging. Moreover, it will not accumulate in organisms, is easy
to biodegradate, and is non-toxic”'. Hydroxypropyl tetrahydropy-
rantriol is a water-soluble component with a large molecular
weight, only a small amount can enter the dermis, and it is easily
decomposed by related enzyme proteins in the skin'™'. Therefore,
a method is needed to improve the bioavailability of hydroxypropyl
tetrahydropyrantriol.
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Fig.1 Chemical structure of hydroxypropyl tetrahydropyrantriol
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Liposome is a microcapsule formed by encapsulating drugs
within a lipid like bilayer. Liposomes can encapsulate lipophilic
and water-soluble drugs, similar in structure to biofilms. There-
fore, liposomes have strong affinity with cell membranes, which
can increase the ability of encapsulated drugs to penetrate cell
membranes and enhance therapeutic effects. At the same time, it
can also reduce the rate of drug elimination, extend the action
time, and improve drug stability. Therefore, preparing
hydroxypropyl tetrahydropyrantriol into liposomes can not only in-
crease its stability, but also improve its bioavailability and expand

its application range.

2 Materials

2.1 Reagents Hydroxypropyl tetrahydropyrantriol ( content;
98.49% , CAS. 439685-79-7, Chengdu Yunxi Chemical Co. ,
Ltd. ) ; soy lecithin (CAS; 8002-43-5, Chengdu Kelong Chemical
Co. , Ltd. ) ; cholesterol (CAS; 57-88-5, Chengdu Kelong Chem-
ical Co., Ltd.); chloroform ( CAS; 67-66-3, Chengdu Kelong
Chemical Co., Ltd.); PBS buffer ( dry powder, lot No. ;
P1010).

2.2 Instruments Laser particle size analyzer (Nano ZS, Malv-
ern Instruments Co., Lid., England); rotary evaporator ( RE-
5203, Zhengzhou Bilang Instrument Co. , Ltd. ) ; ultrasonic cell
pulverizer (JY96-1IN, Ningbo Xinzhi Biotechnology Co. , Ltd. ) ;
constant temperature cultivation vibrator ( ZWY-240, Shanghai
Zhicheng Analytical Instrument Manufacturing Co., Tid.);
1/10 000 electronic analytical balance (L.T224D, Jiangsu Chang-
shu Tianliang Instrument Co. , Ltd. ) ; centrifuge (H2050R Chan-
gsha Xiangyi Centrifuge Instrument Co. , Ltd. ) ; Abbe refractome-
ter (WZS-1, Shanghai Optical Instrument Factory).
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3 Methods

3.1 Establishment of content analysis method of hydroxy-
propyl tetrahydropyrantriol In the experiment, the linear re-
lationship between the refractive index of hydroxypropyl tetrahy-
dropyrantriol solution and its concentration was used. By measur-
ing the refractive index of hydroxypropyl tetrahydropyrantriol at
different concentrations, standard curve and regression equation
were formed to determine hydroxypropyl tetrahydropyrantriol at un-

. 5
known concentratlons[ !

, thereby determining the encapsulation
efficiency of hydroxypropyl tetrahydropyrantriol liposomes.

3.1.1 Establishment of standard curve. 25 mg of hydroxypropyl
tetrahydropyrantriol standard sample was weighed accurately, and
PBS solution was used to fix the volume to 5 mL, thereby obtai-
ning 5 mg/mlL of hydroxypropyl tetrahydropyrantriol solution.
100, 300, 500, 700, 900, and 1 100 L of hydroxypropyl tetra-
hydropyrantriol solution was taken accurately, and PBS solution
was used to fix the volume to 5 ml., thereby obtaining a series of
sample solutions (0.1, 0.3, 0.5, 0.7, 0.9, and 1.1 mg/mL).
Abbe refractometer was used to measure the refractive index of the
above concentration solution at 20 °C , and each sample was read
three times, and the mean was taken.

3.1.2 Repeatability test. According to the preparation method of
Section 3.1.1, three lots of hydroxypropyl tetrahydropyrantriol so-
lutions (0.3, 0.5, 0.7 mg/mL) were prepared. Three parallel
measurements were performed, and the refractive index of each
sample solution was recorded, and the relative standard deviation
was calculated.

3.1.3 Precision test. 300, 500, and 700 wL of hydroxypropyl
tetrahydropyrantriol solution (5 mg/mL) was taken, and PBS so-
lution was used to fix the volume to 5 mL, and 6 sets of parallel
samples were made separately. By the detection method of Section
3.1.1, the refractive index of each sample solution was measured
and recorded separately, and the relative standard deviation was
calculated.

3.1.4 Stability test. According to the preparation method of Sec-
tion 3. 1. 1, 0. 5 mg/mL of hydroxypropyl tetrahydropyrantriol
sample solution was prepared. It was set for 0, 2, 4, 6, 8, and
10 h at room temperature, and the refractive index of each sample
solution was measured and recorded separately, and the relative
standard deviation was calculated.

3.1.5 Sample recovery rate test. 6 portions of test solutions with
known content were accurately taken and added in the reference
solution to the volumetric flask, and PBS solution was added to fix
the volume. According to the detection method of Section 3.1.1,
the refractive index of each sample solution was measured and re-
corded separately, and the average recovery rate and relative
standard deviation of the reference substance were calculated.
3.1.6 Determination of encapsulation efficiency. Encapsulation
efficiency is an important evaluation index for liposome delivery
systems. At present, the common methods for determining the en-
capsulation efficiency of water-soluble drugs include ultracentrifu-

gation, dialysis, ultrafiltration centrifugation, etc'® . This experi-

ment used ultrafiltration centrifugation to determine the encapsula-
tion efficiency of hydroxypropyl tetrahydropyrantriol liposomes.

Pretreatment of ultrafiltration centrifuge tube (0.5 mL 100
kD) : the new ultrafiltration centrifuge tube needed to be soaked in
distilled water before use to wet the filter membrane. Then,
40 mg/mL of hydroxypropyl tetrahydropyrantriol solution was fil-
tered, and the adsorption of membrane was saturated. It was
washed with distilled water (do not allow the membrane to dry
again) , and set aside for use”!

Ultrafiltration centrifugation method; 0.4 mL of hydroxyprop-
yl tetrahydropyranotriol liposome was transferred into a pre treated
ultrafiltration centrifuge tube, and the lid of the centrifuge tube
was tightened. The ultrafiltration tubes were placed symmetrically
in a centrifuge to centrifuge™®’ at a speed of 10 000 rpm for
30 min, with a controlled temperature of 4 °C. After centrifuga-
tion, the lower filtrate was collected.

The concentration of hydroxypropyl tetrahydropyranetriol in
the filtrate of different samples after ultrafiltration was measured on
the Abbe refractometer. Each sample was measured three times,
and the mean was taken. Based on the plotted standard curve, the
concentration of free drugs was determined.

Encapsulation efficiency (EE)% = [ Total amount of drug —
Free drug dosage)/Total amount of drug] x 100
3.2 Screening of preparation conditions of hydroxypropyl
tetrahydropyranetriol liposomes
3.2.1 Hydration time. When phospholipids combine with aque-
ous phase, the rearrangement and orientation of molecules occur,
and the formation of lipid bilayer' is a key step in the preparation
of liposomes. In order to achieve complete hydration of phospho-
lipids and hydroxypropyl tetrahydropyranetriol, the particle size
was controlled to make them uniform. The hydration time was con-
trolled for 20, 40, and 60 min, respectively. The effect of hydra-
tion time on the particle size distribution of liposomes was ex-
plored, and the optimal hydration time was selected.

3.2.2 Ratio of organic phase to aqueous phase. That was volume
ratio of chloroform to PBS aqueous solution. The ratio of organic
phase to aqueous phase was controlled as 2 : 1,3 :1,4:1, to
explore the effect of the ratio of organic phase to aqueous phase on
particle size distribution, and select the optimal ratio of organic
phase to aqueous phase.

3.2.3 Granulation method. Particle size is an important part of
liposome characterization. By comparing the effects of ultrasound
granulation and microporous membrane filtration granulation on the
particle size distribution of liposomes, a more optimal granulation
method was selected. Ultrasound granulation of the prepared lipo-
some suspension was conducted for 10 min (5 sec on, 5 sec off)
to investigate the feasibility of ultrasound granulation steps. The
prepared liposome suspension was filtered by 0. 22 pum of micro-
porous filter membrane to explore the feasibility of the filtration
steps using microporous membrane filtration.

3.3 Methodology study of preparation of hydroxypropyl tet-

rahydropyranetriol liposomes Liposomes were prepared using
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thin film dispersion method and reverse evaporation method. Mo-
reover, the particle size, PDI, Zeta potential, and encapsulation
efficiency of blank and drug loaded liposomes by both methods
were investigated to select the optimal preparation method "'

3.3.1
prepared using thin film dispersion method. 40 mg of lecithin and

Preparation of blank liposomes. Blank liposomes were

10 mg of cholesterol were taken to dissolve in 3 mL of chloroform,
then it was poured into a 100 mL of round-bottom flask. Use a ro-
tary evaporator, the organic solvent was removed at 40 °C and 80
rpm, and a yellowish film was formed on the round bottom flask.
After that, 1 mL of PBS (pH =7.2) aqueous solution was added
to continue to rotate and hydrate for 10 min. It was transferred to a
constant temperature culture vibrator, and then hydrated for
30 min at 40 °C and 120 rpm, until the film was fully hydrated,
forming a light yellow suspension. Finally, the granulation was
conducted by ice bath ultrasound for 10 min (5 sec on, 5 sec off)
at a power of 30% .

Blank liposomes were prepared using reverse evaporation

method. 40 mg of lecithin and 10 mg of cholesterol were taken to
dissolve in 3 mL of chloroform to form an organic phase, and 1 mL
of PBS solution without drugs was added. After ultrasound in an
ice bath at 30% power on a cell grinder for 8 min (5 sec on, 5 sec
off ), a rotary evaporator was used to remove the organic solvent by
reduction vaporization at 40 °C, 80 rpm until no bubbles were gen-
erated. Then, 2 mL of PBS solution without drugs (pH =7.2)
was added, to continue to rotate and evaporate for 10 min. After
that, it was transferred to a constant temperature culture shaker
and hydrated at 40 C and 120 rpm for 30 min to form a uniform
aqueous solution. Finally, the granulation was conducted by ice
bath ultrasound for 10 min (5 sec on, 5 sec off) at a power of
30%.
3.3.2 Preparation of drug loaded liposomes. Drug loaded lipo-
somes were prepared using thin film dispersion method. 40 mg of
lecithin and 10 mg of cholesterol were taken to dissolve in 3 mL of
chloroform, and it was poured into a 100 mL round-bottom flask.
Using a rotary evaporator, the organic solvent was removed at
40 °C and 80 rpm, and a yellowish film was formed on the round-
bottom flask. After adding 1 mL of hydroxypropyl tetrahydropyran-
etriol solution (8 mg/mL) , it continued to rotate and hydrate for
10 min. Then, it was transferred to a constant temperature culture
vibrator, and hydrated for 30 min at 40 °C and 120 rpm, so that
the two can fully react. The film was fully hydrated to form a light
yellow suspension. Then, granulation was conducted by ice bath
ultrasound for 10 min (5 sec on, 5 sec off) under the power of
30% , and the ultrasound treated liposomes were brought to a con-
stant volume of 5 mL.

Drug loaded liposomes were preparaed using reverse evapora-
tion method. 40 mg of lecithin and 10 mg of cholesterol were taken
to dissolve in 3 mL of chloroform to form an organic phase, and
1 mL of hydroxypropyl tetrahydropyranetriol solution (8 mg/mL)
was added. After ultrasound in an ice bath at 30% power on a cell

grinder for 8 min (5 sec on, 5 sec off ), a rotary evaporator was

used to remove the organic solvent by reduction vaporization at 40
°C and 80 rpm until no bubbles were generated. 2 mL of PBS so-
lution without drugs was added, and it continued to rotate and e-
vaporate for 10 min. Then, it was transferred to a constant temper-
ature culture shaker and hydrated at 40 °C and 120 rpm for 30 min
to form a uniform aqueous solution. Finally, the granulation was
conducted by ice bath ultrasound for 10 min (5 sec on, 5 sec off)
at a power of 30% , and the ultrasound treated liposomes were
brought to a constant volume of 5 mL.

3.4 Optimization of preparation process through single fac-
tor and orthogonal experiments

3.4.1 Preparation method of liposomes. The liposome was pre-
pared by reverse evaporation method. A certain amount of lecithin
and cholesterol were weighed and dissolved in 3 mL of chloroform
to form an organic phase. 1 mL of PBS solution with a certain drug
concentration was added. The ice bath ultrasound was performed
on a cell grinder at 30% power for a certain time (5 sec on, 5 sec
off ). Then, the rotary evaporator was used to remove the organic
solvent by decompression evaporation at 40 °C and 80 rpm until no
bubbles were generated. After adding 2 mL of drug-free PBS solu-
tion, it continued to rotate and evaporate for 10 min. Then, it was
transferred to a constant temperature culture shaker, and hydrated
at 40 °C and 120 rpm for 30 min to form a uniform aqueous solu-
tion. Finally, granulation was conducted by ice bath ultrasound
for 10 min (5 sec on, 5 sec off) under 30% power, and the ultra-
sound treated liposomes were brought to a constant volume of 5
mL.

3.4.2 Drug phospholipid ratio. The amount of lecithin was fixed
at 40 mg, and the ultrasound time was controlled to 8 min, and
the phospholipid cholesterol ratio was adjusted to 4 : 1. According
to the method of Section 3.4.1, the liposomes were prepared. The
effect of drug phospholipid ratio of 1 : 10, 2 : 10, 3 : 10 on the
particle size distribution and encapsulation efficiency of liposomes
was investigated.

3.4.3 Ulirasound time. The drug phospholipid ratio was fixed as
1 : 10, and phospholipid cholesterol ratio was controlled as 4 : 1.
According to the method of Section 3. 4.1, the liposomes were
prepared. The effect of ultrasound time of 2, 4, 6, 8, and 10 min
on the particle size distribution and encapsulation efficiency of li-
posomes was investigated.

3.4.4 Phospholipid cholesterol ratio. Lecithin and cholesterol
are the main raw materials for liposomes. Lecithin and cholesterol
are separated from each other and arranged in a directional manner
to form a lipid membrane. Cholesterol can alter the arrangement
order and fluidity of phospholipids in the lipid bilayer.

The amount of lecithin was fixed at 40 mg, and the drug
phospholipid ratio was controlled to 1 : 10, and the ultrasound
time was set to 8 min. According to the method of Section 3.4.1,
the liposomes were prepared. The effect of phospholipid cholesterol
ratioat1 :1,2:1,3:1,4:

tion and encapsulation efficiency of liposomes was investigated.

1, 5 : 1 on the particle size distribu-

3.4.5 Orthogonal experiment. According to experiment results,
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two levels were selected from three factors (A drug phospholipid
ratio, B ultrasound time, C phospholipid cholesterol ratio) , and
L, (2’) was used to conduct orthogonal experiment. Based on par-
ticle size distribution and encapsulation efficiency, the optimal
process for preparing hydroxypropyl tetrahydropyranotriol lipo-

somes was selected, and factor and level were shown as Table 1.

Table 1 Orthogonal design for preparation of hydroxypropyl tetrahy-
dropyranotriol liposomes
Level Drug phospholipid Ultrasound Phospholipid
ratio A time B cholesterol ratio C
1 1:10 6 4:1
2 2:10 8 3:1

4 Results and analysis

4.1 Establishment of an analytical method for the content of
hydroxypropyl tetrahydropyranotriol
3.1.1, the standard regression equation was obtained; y =
0.001 252x +1.337 2 (R* =0.998 6) , with good linear relation-
ship. According to Section 3. 1.2, repeatability test was conduc-

According to Section

ted. The RSD values of samples from different batches were all
less than 2% , indicating good repeatability in the preparation of
samples from different batches. According to Section 3.1.3, pre-
cision test was conducted. The RSD values of the refractive index
obtained by continuous injection were all less than 2% , indicating
that the detection method had good precision. According to Sec-
tion of 3. 1.4, stability test was conducted. The RSD values of the
refractive index obtained from the same sample solution at 0, 2,
4,6, 8, and 10 h were less than 2% , indicating good stability of
the test solution within 10 h. According to Section 3.1.5, sample
recovery rate test was conducted. The recovery rate of hydroxypro-
pyl tetrahydropyranotriol was between 97. 60% and 101. 82% ,
and the RSD value was less than 2% , indicating that the recovery
rate of this method was relatively good.

4.2 Screening of liposomes preparation conditions

4.2.1 Hydration time. Seen from Table 2, the particle size and
PDI decreased as the hydration time increased, and there was no
significant difference in the particle size and PDI under 40 and 60
min of hydration operations. From an economic and resource per-
spective, hydration for 40 min was chosen.

Table 2 Effects of hydration time on particle size and PDI

Hydration time // min Particle size /nm PDI

20 138.6 £6.33 0.231 +0.063
40 135.9 £7.12 0.200 +0.051
60 130.1 £5.43 0.199 +0.042

Table 5 Methodology screening results of liposomes preparation

4.2.2 Ratio of organic phase to aqueous phase. Seen from Table 3,
the change in the ratio of organic phase to aqueous phase can af-
fect particle size distribution. As the ratio of organic phase to
aqueous phase increased, the particle size and PDI first decreased
There-

fore, the ratio of organic phase to aqueous phase was 3 : 1.

and then increased, and reached the minimum at 3 : 1.

Table 3 Effects of VO/VW on particle size and PDI

Ratio of organic phase to

aqueous phase Average particle size //nm PDI

2:1 191.33 +5.23 0.340 0. 054
3:1 177.10 =6.41 0.296 +0.044
4:1 221.65 £4.46 0.395 +0.061

4.2.3 Granulation method. Seen from Table 4, after 10 min of
ice bath ultrasound at 30% and 45 W power, the particle size of
liposomes decreased, and their distribution became more uniform.
The microporous filter membrane filtration had almost no effect on
the particle size and PDI of liposomes. Therefore, ultrasonic gran-
ulation was required in the preparation process.

Table 4 Effects of different granulation methods on particle size and

PDI
Granulation method Particle size//nm PDI
Blank control group 137.5£6.22  0.218 £0.049
Ultrasonic granulation 80.75 +5.36 0.206 +0.055
Microporous filter membrane granulation 133.8 £7.31 0.196 £0.044

The final preparation conditions for hydroxypropyl tetrahydro-
pyranotriol liposomes were as follows: hydration time of 40 min,
organic phase to aqueous phase ratio of 3 : 1, ultrasound granula-
tion for 10 min (5 sec on, 5 sec off).

4.3 Methodology screening for liposomes preparation Seen
from Table 5, the particle size of liposomes by the reverse evapo-
ration method was smaller than that of the thin film dispersion
method, making it more suitable for transmembrane absorption.
Smaller PDI indicated more stable physical properties. Moreover,
the reverse evaporation method carried a large amount of net
charge and had a greater electrostatic repulsion force, making it
more stable, less prone to settling, and less prone to accumula-
tion. Meanwhile, it had high encapsulation efficiency, more drugs

loaded, and better quality’’

. Therefore, considering both parti-
cle size distribution and encapsulation efficiency, the reverse
evaporation method was chosen as the preparation method for

hydroxypropyl tetrahydropyranotriol liposomes.

Average PDI Average potential /mV ~ Entrapment efficiency // %

Sample Average particle size /nm
Blank liposomes by thin film evaporation method 96.22 +5.76
Drug loaded liposomes by thin film evaporation method 94.90 +4.05
Blank liposomes by reverse evaporation method 87.63 £5.09
Drug loaded liposomes by reverse evaporation method 83.67 £5.12

0.253 +0.058 -20.1£1.27
0.227 +£0.045 -21.0£1.19 31.25+£5.22
0.223 +0. 060 -21.2£2.01
0.221 +0.055 -22.3£1.78 54.69 £6.42
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4.4 Optimization of preparation process through single fac-
tor and orthogonal experiments

4.4.1 Drug phospholipid ratio. Seen from Fig. 2, the liposome
particle size increased as the drug phospholipid ratio increased,
and PDI first decreased and then increased, and the potential in-
creased. When the drug phospholipid ratio was 1 : 10 and 2 : 10,
the difference in particle size was not significant, but PDI of 2 : 10
was smaller than that of 1 : 10. When the drug phospholipid ratio
was 3 1 10, the reason for the increase in particle size and PDI
may be that as the dosage of drugs increased, the lipid membrane
cannot completely encapsulate the drugs, and the drugs separated

from the lipid membrane, resulting in an increase in particle size.

100 0.30 ¢
g 30 0.25 F
8w = 0.20 H
I 0.15
32 0.10
-
£ 20 0. 05

0 0

1:10 2:10 3:10 1:10 2:10 3:10

Drug phospholipid ratio Il mg/mg Drug phospholipid ratio Il mg/mg

Fig.2 Effects of drug phospholipid ratio on particle size distribu-
tion and PDI

Seen from Fig. 3, the encapsulation efficiency decreased as
the drug phospholipid ratio increased. When the drug phospholipid
ratio was 1 : 10, the encapsulation efficiency was the highest,
which was (65.26% +6.14% ). It can be seen that the internal
loading space formed by phospholipid was limited. As the concen-
tration of hydroxypropyl tetrahydropyranotriol increased, the lipid
membrane was insufficient to encapsulate hydroxypropyl tetrahy-
dropyranotriol, resulting in an increase in free drugs and a de-

. . .. [
crease in encapsulation efficiency .

Br

65 1

5 F

s r

Encapsulation efficiency Il %

]

1:10 2:10 3:10
Drug phospholipid ratio Il mg/mg

Fig.3 Effects of drug phospholipid ratio on encapsulation efficiency

4.4.2 Ultrasound time. Seen from Fig. 4, the particle size and
PDI of hydroxypropyl tetrahydropyranotriol liposomes first de-
creased and then increased as the ultrasound time increased from 2
to 10 min, and reached the minimum at 6 min. The reason was
that as the ultrasound time increased, the proportion of aqueous
phase entering the oil phase increased. At 6 min, the organic

phase and aqueous phase combined to form a uniform W/O type of

emulsion. With the increase of ultrasound time, some hydroxypro-
pyl tetrahydropyranotriol separated from the oil phase, resulting in
an increase in particle size. The potential difference at each ultra-
sound time was not significant.
120
100
80
60
40
20
0

Particle size [l nm

1234567891011

Ultrasound time /| min

1234567891011
Ultrasound time /| min

Fig.4 Effects of ultrasound time on particle size distribution and
PDI

Seen from Fig. 5, ultrasound time affected the encapsulation
efficiency of hydroxypropyl tetrahydropyranotriol liposomes. When
the ultrasound time increased from 2 to 6 min, the maximum en-
capsulation efficiency was obtained (68.75% +6.91% ). Contin-
uing to increase the ultrasound time, the encapsulation efficiency
of liposomes was reduced. When the ultrasound time was less than

6 min, the ultrasound time was too short to form a uniform W/O

type of solvent.

80
70
60

50

40 F

Encapsulation efficiency Il %

30 L ;
2 4 6 8 10

Ultrasound time Il min

Fig.5 Effects of ultrasound time on encapsulation efficiency

4.4.3 Phospholipid cholesterol ratio. Seen from Fig. 6, the par-
ticle size decreased sharply when phospholipid cholesterol ratio was
from1:11t02:1, and the decrease was slow when phospholipid
cholesterol ratio was from 2 : 1 to 5 : 1. When phospholipid cho-
lesterol ratio was 4 : 1 and 5 : 1, there was almost no difference in
particle size. PDI first sharply decreased and then gradually in-
creased, and reached the minimum (0. 182 +0.057) when phos-
pholipid cholesterol ratio was 3 : 1. The higher the phospholipid
cholesterol ratio during the experiment, the easier it was to hy-
drate. The possible reason was that the amount of phospholipids
used made hydration difficult and easy to agglomerate. As the ratio
of phospholipid cholesterol increased, hydration became easier.
When the phospholipid drug ratio was 3 : 1, phospholipids and
cholesterol formed a stable bilayer'™”’. When the phospholipid cho-
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lesterol ratio was less than 3 : 1, the lipid bilayer was not closely

arranged, forming fewer liposomes, and resulting in larger particle

size and PDI'™,

160 0.70
0.60
E
=120 0.50
¢ 2 0.40
280
2 0.30
E‘f 40 0.20
0.10
0 0

1:12:13:14:15:1
Phospholipid cholesterol ratio /I mg/mg

1:12:13:14:15:1
Phospholipid cholesterol ratio Il mg/mg

Fig.6 Effects of phospholipid cholesterol ratio on particle size dis-
tribution and PDI

Seen from Fig. 7, the encapsulation efficiency first increased
and then decreased as the amount of cholesterol decreased. When
pcholesterol cholesterol ratio was 4 : 1, the encapsulation rate was
the maximum (65.62% +6.91% ). The reason for the increase in
encapsulation efficiency from 1 : 1 to 4 : 1 was that the increase in
phospholipids improved the viscosity of the lipid membrane, mak-
ing the bilayer more stable. But when the ratio increased to 5 : 1,
the bilayer was destroyed, and the asymmetry, permeability, and
rigidity of the lipid bilayer membrane increased, leading to drug
penetration and a decrease in encapsulation efficiency'™*’.

T

70
60
50 /
40
3 F

20 F

Encapsulation efficiency Il %

10 )
1:1 2:1 311 4:1 5:1
Phospholipid cholesterol ratio Il mg/mg

Fig.7 Effects of phospholipid cholesterol ratio on encapsulation ef-
ficiency

4.4.4 Orthogonal experiment. Orthogonal experiment was con-
ducted according to factor and level of Section 3.4.5, and the re-
sults were shown in Table 6 —7.

Table 6 Results of particle size and PDI in orthogonal experiment

No. A B Average particle

o

Average PDI

size // nm
1 1 1 1 86.44 £6.08 0.195 £0.077
2 1 2 2 95.12 +8.34 0.182 £0.089
3 2 1 2 88.42 £7.35 0.230 +0.062
4 2 2 1 85.96 £7.71 0.183 £0.107
K, 181.56 174.85 172.39
K, 174.37 181.08 183.54
R 5.08 4.40 7.88

Through range analysis of orthogonal experiments, it can be
concluded that the influence sequence of various factors on particle
size was C > A > B, namely phospholipid cholesterol ratio > drug
phospholipid ratio > ultrasound time.

Table 7 Results of encapsulation efficiency in orthogonal experiment

No. A B C Encapsulation efficiency // %
1 1 1 1 60.94 £7.24

2 1 2 2 62.50 +7.51

3 2 1 2 48.44 +£6.32

4 2 1 54.69 +8.19

K, 115.62 123.44 109.37

K, 110.94 103.12 117.19

R 0.033 0.144 0.055

Through range analysis of orthogonal experiments, it can be
concluded that the influence sequence of various factors on the en-
capsulation efficiency was B > C > A, namely ultrasound time >
phospholipid cholesterol ratio > drug phospholipid ratio.

Considering both particle size and encapsulation efficiency, it
was concluded that the optimal process for preparing hydroxypropyl
tetrahydropyranotriol liposomes by reverse evaporation method was
A,B,C,. The optimal preparation process was as follows: drug
phospholipid ratio of 1 : 10, ultrasound for 6 min, phospholipid
cholesterol ratio of 4 : 1.

5 Discussion

The commonly used preparation methods for liposomes include eth-
anol injection method, reverse evaporation method, pH gradient
method, thin film dispersion method, etc. The most commonly
used thin film dispersion method is simple to operate, but cannot

51 The reverse

encapsulate water-soluble drugs in large quantities
evaporation method is applicable to encapsulating water-soluble
drugs. Liposomes with smaller particle sizes and more uniform dis-
tribution can be obtained through ultrasound, but the preparation
process is more complex than the thin film dispersion method. This
experiment used thin film evaporation method to prepare
hydroxypropyl tetrahydropyranotriol liposomes, which had low ex-
perimental cost and high repeatability. In consideration of the later
application of the liposome in cosmetics, its absorption effect and
skin irritation are the key points of the main process, so the mem-
brane material is cholesterol and soybean lecithin. When the envi-
ronmental conditions change (such as temperature, osmotic pres-
sure, pH, etc. ), cholesterol can play a role in enhancing the

structural stability of the liposome '’

. In the single factor experi-
ment, as the ratio of cholesterol to soybean lecithin increased, the
encapsulation efficiency of liposomes showed a trend of first in-
creasing and then decreasing. The possible reason is that the ex-
cessive content of hydroxypropyl tetrahydropyranotriol in liposomes
reduces the surface charge and electrostatic repulsion between the
bilateral vesicles of liposomes, leading to a decrease in encapsula-

tion efficiency. The drug phospholipid ratio is also an important
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factor affecting the encapsulation efficiency of liposomes. If the ra-
tio of drugs to phospholipids is too small, it will lead to the inabili-
ty of drugs to be fully encapsulated, which cannot achieve the ide-
al effect of improving bioavailability. If the ratio is too small, it
will cause drug waste. In the preparation of liposomes, ultrasound
time mainly affects the stratification of the liposome solution. Un-
der the stable and non layered conditions, the liposome solution is
conducive to the formation of W/O type emulsions, which in turn
affects the quality of the liposome. As the ultrasound time in-
creased, the encapsulation first increased and then decreased.
This may be due to the uneven film formation of liposomes caused
by a short ultrasound time, which is prone to rupture. Hydroxypro-
pyl tetrahydropyranotriol also flows out, resulting in a decrease in
the encapsulation efficiency of liposomes. If the ultrasonic time is
too long, the temperature will rise, causing the degradation of
hydroxypropyl tetrahydropyranetriol. Moreover, the high tempera-
ture will lead to the increase of energy input, which will destroy
the Van Der Waals force between phospholipid molecules'” | thus
improving the fluidity of lipid bilayer. Therefore, an appropriate
ultrasound time can increase the stability of liposome suspensions.
After the ultrasonic process is completed, the mixture also needs to
be hydrated, which can make the particle size distribution of lipo-
somes more uniform and prevent the phenomenon of liposome
clumping and aggregation.

This experiment initially studied the effects of hydration time,
ratio of organic phase to aqueous phase, and granulation method on
the particle size distribution of liposomes. Finally, hydration for 40
min, organic phase to aqueous phase of 3 : 1, and ultrasound
granulation were selected as the conditions for preparing lipo-
somes. Then, the effects of film dispersion method and reverse
evaporation method on the particle size distribution and encapsula-
tion efficiency of liposomes were compared. From the particle size
distribution, the film dispersion method was superior to the reverse
evaporation method. From the perspective of encapsulation effect,
the reverse evaporation method was superior to the thin film disper-
sion method. So the reverse evaporation method was chosen from
these two aspects comprehensively. Next, the reverse evaporation
preparation process was optimized. Single factor and orthogonal ex-
periments were conducted to investigate the effects of drug phos-
pholipid ratio, ultrasound time, and phospholipid cholesterol ratio
on particle size distribution and encapsulation efficiency. The opti-
mal preparation process was obtained, with a drug phospholipid ra-
tio of 1 : 10, ultrasound time of 6 min, and phospholipid choles-
terol ratio of 4 : 1. The prepared liposome appeared as a light
yellow transparent and clear liquid, with entrapment efficiency of
(60.94% +7.24% ), particle size of (86.44 +6.08 nm), and
PDI of (0.195 +0.077).
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