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Abstract

of Hydroxypropyl

Tetrahydropyrantriol

[ Objectives | To enhance the skin permeability of hydroxypropyl tetrahydropyrantriol and provide a reference for the subsequent

prevention or treatment of skin aging. [ Methods] The lyophilization process of hydroxypropyl tetrahydropyrantriol liposomes was investigated
using a single factor method, and a quality evaluation system was established based on the appearance, particle size, PDI, and re-dispersibility

of the lyophilized samples. [ Results] The lyophilization process of hydroxypropyl tetrahydropyrantriol liposomes was determined by single fac-

tor experiments. The pre-freezing period was 16 h at =80 °C , the total drying time was 36 h, and the addition of 10% mannitol-sucrose was

used as the lyoprotectant. [ Conclusions] The product prepared by the lyophilization method exhibits a fluffy and full appearance, with mini-
mal shrinkage and collapse. The volume remains consistent before and after lyophilization, and the re-dispersibility is satisfactory. The

re-dissolution process is rapid, and the particle size and polydispersity index (PDI) remain largely unchanged before and after lyophilization.
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1 Introduction

Hydroxypropyl tetrahydropyrantriol, a C-xylopyranoside deriva-
tive, has been demonstrated to induce the expression of key skin
constituents, including glycosaminoglycans ( GAGs) and proteo-

glycans (PGs)"' ™

[2,5]

. This process indirectly modulates growth fac-
tors' ", induces protein deposition in basement membranes and
dermal-epidermal junctions (DEJs), and promotes the expression
of collagen, thereby improving the condition of the skin>*'. Nev-
ertheless, hydroxypropyl tetrahydropyrantriol is subject to the dis-
advantage of poor skin permeability, which significantly constrains
its efficacy. Liposome, a popular drug-carrying system in recent
years, possess a distinctive bilayer vesicle structure that enables
them to exhibit good biocompatibility while also prolonging the
drug release time to a certain extent, thus allowing for the poten-
tial of a slow-release or long-lasting effect. This has the potential
for significant future development. However, liposomes themselves
are inherently unstable and prone to aggregation, sedimentation,
degradation, fusion, and other complications during storage. In
order to enhance the stability of the formulation, this study exam-
ined the lyophilization process of hydroxypropyl tetrahydropyrantri-
ol liposomes in terms of the pre-freezing temperature, pre-freezing
time, drying time, type and dosage of single lyoprotectants and
combined lyoprotectants. The optimal lyophilization conditions
were identified in order to provide a reference for the subsequent

prevention or treatment of skin aging.
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2 Materials and methods

2.1 Materials

2.1.1 Instruments. SCIENTZ-12N freeze dryer (Ningbo Scientz
Biotechnology Co. , Ltd. ) ; ultrasonic cell crusher ( Ningbo Sci-
entz Biotechnology Co., Lid.); JA2003 electronic balance
( Shanghai Shunyu Hengping Scientific Instrument Co. , Lid. ) ;
LT224D one-ten-thousandth electronic analytical balance (Jiangsu
Changshu Tianliang Instrument Co. , Ltd. ) ; R-201 rotary evapo-
rator ( Shanghai Shenshun Biotechnology Co. , Ltd. ) ; Milli-Q In-
tegral water purifier (Millipore, USA) ; ultrasonic cleaner ( Tian-
jin Automatic Science Instrument Co., Lid. ); digital constant
temperature water bath ( Changzhou Guohua Electric Co. , Tid. ) ;
Zetasizer Nano ZS 90 laser particle size analyzer (Malvern Pana-
lytical, UK).

2.1.2 Reagents. Hydroxypropyl tetrahydropyrantriol ( Chengdu
Yunxi Chemical Co. , Lid. , Batch No. ; YS2101BSYS5) ; soy leci-
thin, cholesterol, trichloromethane, and PBS dry powder ( Cheng-
du Kelon Chemical Co. , Ltd. ) ; mannitol, sucrose, and glucose
( Chengdu Ponstar Biotech Co. , Ltd. ).

2.2 Methods

2.2.1
somes. Hydroxypropyl tetrahydropyrantriol was prepared via the

Preparation of hydroxypropyl tetrahydropyrantriol lipo-

reverse evaporation method, as previously described in the experi-
ment ). The appropriate quantities of soy lecithin and cholesterol
were weighed and the appropriate quantity of chloroform was added
to fully dissolve the materials as the organic phase. The appropri-
ate quantity of hydroxypropyl tetrahydropyrantriol was dissolved in
a phosphate buffer solution, which served as the aqueous phase.
Subsequently, the aqueous phase was added to the organic phase
by stirring and sonication, thus forming a suspension. The suspen-
sion was transferred to a round-bottom flask and evaporated under
reduced pressure in order to remove the organic solvent and form a
lipid film. The appropriate amount of phosphate buffer should be
added and the evaporation process continued under reduced pres-

sure until the film was fully hydrated, thus obtaining a suspension
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of hydroxypropyl tetrahydropyrantriol liposomes. The liposome sus-
pension was subjected to sonication in an ice water bath for a peri-
od of 10 min, with intermittent sonication for 5 sec and a subse-
quent pause of 5 sec. Thereafter, the resulting liposomes were ex-
truded through a membrane.

2.2.2 Optimization of lyophilization process of hydroxypropyl
tetrahydropyrantriol liposomes. (i) Screening of pre-freezing tem-
perature. Prior to lyophilization, it is essential to pre-freeze the
samples. The temperature at which this is done has a significant
impact on the appearance and particle size of the lyophilized prep-
arations. The pre-freezing temperature should be set at a tempera-
ture 10 =20 °C below the eutectic point of the material and main-
tained for a period of time. If the pre-freezing temperature is not
sufficiently low, the samples will exhibit the phenomenon of bottle
spraying in the process of lyophilization, resulting in an uneven
surface finish. Therefore, it is essential to screen the pre-freezing
temperature to ensure optimal results. In this experiment, two
temperatures were selected for the pre-freezing stage: —20 °C and
- 80 C. The suitability of these temperatures was evaluated
based on two criteria; product appearance and re-dispersibility.

(ii) Screening of pre-freezing time. The optimal pre-freezing
duration exerts a profound impact on the lyophilization process. A
suboptimal pre-freezing time may result in the bottle spraying of
samples during the lyophilization process. In this experiment,
samples were pre-frozen at —80 °C for 8, 16, and 24 h. The ap-
pearance and re-dispersibility of the products were used as indica-
tors to screen for the optimal pre-freezing time.

2.2.3 Screening of drying time. The drying stage can be divided
into two distinct categories: sublimation drying and desorption dr-
ying. Sublimation drying is the predominant method employed to
remove the majority of free water, accounting for approximately
80% of the total drying time. Desorption drying is a process that
primarily removes water of crystallization and bound water com-
bined with hydrogen bonds, which can reduce the water content of
the sample to 0. 5% —4.0%. This process ensures the storage
stability of the product. In this experiment, we selected a pre-
freezing temperature of —80 °C for 16 h, followed by drying for
24, 36, and 48 h, respectively. This was done to identify the op-
timal drying time, with the appearance and re-dispersibility of the
product serving as the criteria for evaluation.

2.2.4 Screening of the type and dosage of single lyoprotectant.
Commonly utilized lyoprotectants include sucrose, glucose, lac-
tose, alginate, mannitol, and sorbitol. In this study, sucrose,
glucose, and mannitol were employed as lyoprotectants, which
were incorporated in an additive manner. Samples devoid of any
lyoprotectant constituted the control group, and the status of the
products in each group was observed to assess the impact of dis-
tinct lyoprotectants on the products.

(1) Mannitol dosage. Mannitol was employed as a lyopro-
tectant, with the quantity of mannitol adjusted to 1% , 2% , 3% ,
4% , 5% , and 10% , respectively. The appearance of the prod-
uct, particle size, and polydispersity index (PDI) were utilized as

evaluation criteria for screening the quantity of mannitol.

(i1) Sucrose dosage. Sucrose was employed as a lyopro-
tectant, with the quantity of sucrose adjusted to 1% , 2% , 3% ,
4% , 5% , and 10% , respectively. The appearance of the prod-
uct, particle size, and PDI were utilized as evaluation criteria for
screening the quantity of sucrose.

(iii) Glucose dosage. Glucose was employed as a lyopro-
tectant, with the quantity of glucose adjusted to 1% , 2% , 3% ,
4% , 5% , and 10% , respectively. The appearance of the prod-
uct, particle size, and PDI were employed as evaluation criteria
for screening the quantity of glucose.

2.2.5 Screening of the type and dosage of combined lyopro-
tectant. Mannitol-sucrose and mannitol-glucose were employed as
lyoprotectants. The amount of lyoprotectant was fixed at 5%,
6% , 7% , 8% , 9% , and 10% , with a mass ratio of the two lyo-
protectants of 1 : 1. The appearance, particle size, PDI, and re-
dispersibility of the lyophilized samples were employed as evalua-
tion indicators to investigate the protective effect of mannitol on
the lyophilized samples when it was utilized as a lyoprotectant in
combination with sucrose and glucose, respectively.

2.3 Evaluation criteria for lyophilized preparations A lyo-
protectant sample of optimal quality should exhibit the following
characteristics; a white, loose, solid, smooth surface without
wrinkles or collapse, and a maintained lyophilized volume. Addi-
tionally, it should demonstrate good re-dispersibility, rapid re-sol-
ubilization, uniform clarification after re-solubilization, and a par-

ticle size and PDI that do not significantly change.

3 Results and analysis

3.1 Pre-freezing temperature The temperatures of —20 °C
and —80 °C were selected as the pre-freezing temperatures. The
product appearance and re-dispersibility were used as the indicators
to screen the suitable pre-freezing temperatures, and the results are
shown in Table 1. If the pre-freezing temperature is not sufficiently
low, the bottle may be sprayed during the lyophilization process,
which could affect the appearance of the product. Furthermore, the
re-dispersibility may be compromised. Therefore, —80 “C was select-

ed as the pre-freezing temperature in this experiment.

Table 1 Effects of pre-freezing temperature on the product

Pre-freezing temperature // °C Appearance Re-dispersibility
-20 Collapsed spray bottle  Rather poor
-80 Flat and smooth Comparatively good

3.2 Pre-freezing time The product was subjected to pre-freez-
ing at —80 °C for 8, 16, and 24 h, respectively. The appearance
and re-dispersibility of the product were employed as indicators to
identify the optimal pre-freezing duration. The results are presen-
ted in Table 2. Insufficient pre-freezing time may result in bottle
spraying during the lyophilization process, which can affect the
appearance of the sample and lead to poor re-dispersibility. There
was no discernible difference between the products that had been
pre-frozen for 16 h and those that had been pre-frozen for 24 h.
The products were full and loose, and it has been demonstrated
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that pre-freezing for too long may also negatively affect the struc-
ture and function of the samples. Therefore, 16 h was chosen as
the pre-freezing time for this experiment.

Table 2 Effects of pre-freezing time on the product

Pre-freezing time //h Appearance Re-dispersibility
8 Collapsed spray bottle Rather poor
16 Full and loose Rather poor
24 Full and loose Rather poor

3.3 Drying time The product was pre-frozen at —80 °C for 16 h,
and then dried for 24, 36, or 48 h, with the appearance and re-
dispersibility of the product serving as the indicators to screen for
the appropriate drying time. The results of this process are shown
in Table 3. When the drying time was 24 h, a portion of the bound
water was not resolved due to insufficient drying time, resulting in
a slight collapse of the product surface. There was no discernible
difference between the two groups of products with the drying time

of 36 and 48 h. Therefore, 36 h was selected as the drying time.

Table 3 Effects of drying time on the product

Drying time //h Appearance Re-dispersibility
24 Slightly collapsed Rather poor

36 Flat, full and loose Comparatively good
48 Flat, full and loose Comparatively good

3.4 Type and dosage of single lyoprotectant Commonly uti-
lized lyoprotectants include sucrose, glucose, lactose, alginate,
mannitol, and sorbitol. In this study, sucrose, glucose, and man-
nitol were employed as lyoprotectants, which were incorporated in
an additive manner. Samples devoid of any lyoprotectant constitu-
ted the control group, and the status of the products in each group
was observed to assess the impact of distinct lyoprotectants on the
products.

3.4.1 Screening of mannitol dosage. Mannitol was employed as
a lyoprotectant, with the quantity of mannitol adjusted to 1%,
2% , 3% , 4% , 5% , and 10% , respectively. The results are
presented in Table 4. As the dosage of mannitol increased, the
appearance of the product exhibited a gradual improvement. Nev-
ertheless, the particle size and PDI exhibited a tendency to in-
crease in parallel with the aforementioned phenomenon. This phe-
nomenon may be attributed to the propensity of mannitol to form
crystals during the lyophilization process, which can enhance the
capacity for support. However, the crystals also disrupt the struc-
ture of the liposomes, which leads to fusion of the liposomes and

an increase in the size of the particles.

Table 4 Screening of mannitol dosage

Dosage A Particle PDI
% ppearance size//mm

1 Significant shrinkage with wall climbing phenomenon 376.18 0.486

2 Significant shrinkage with wall climbing phenomenon 383.21 0.617
3 Significant shrinkage with wall climbing phenomenon 461.01 0.484
4 Powdery with wall climbing phenomenon 398.11 0.533
5 Powdery, with a slight rise in products 433.08 0.773
10 Powdery, with wall climbing and rise in products 545.26 0.656

3.4.2 Screening of sucrose dosage. Sucrose was employed as a
lyoprotectant, with the quantity of sucrose adjusted to 1% , 2% ,
3% ,4% , 5% , and 10% , respectively. The results are presented
in Table 5. The appearance of the products obtained with different
dosages of sucrose as a lyoprotectant was characterized by obvious
shrinkage and wall climbing phenomena. However, with the in-
crease of sucrose, the particle size and PDI of the products after

re-dissolution gradually decreased.

Table 5 Screening of sucrose dosage

Dosage Appearance Particle PDI
% size //nm

1 Powdery, shrinkage, with wall climbing phenomenon 593.26 0.588
2 Significant shrinkage with wall climbing phenomenon 488.03 0.572
3 Significant shrinkage with wall climbing phenomenon 279.35 0.383
4 Significant shrinkage with wall climbing phenomenon 217.79 0.311
5 Significant shrinkage with wall climbing phenomenon 201.13 0.229

10 Significant shrinkage with wall climbing phenomenon 173.33 0.177

3.4.3 Screening of glucose dosage. Glucose was employed as a
lyoprotectant, with the quantity of glucose adjusted to 1% , 2% ,
3% ,4% , 5% , and 10% , respectively. The results are presented
in Table 6. The appearance of the products obtained with different
dosages of glucose as a lyoprotectant exhibited shrinkage and wall
climbing phenomena that were analogous to those observed with
sucrose. However, with the increase in glucose dosage, the parti-
cle size and PDI of the products after re-dissolution gradually de-
creased.

Table 6 Screening of glucose dosage

Dosage Appearance Particle PDI
% size //nm

1 Powdery, shrinkage, with wall climbing phenomenon 413.66 0.733
2 Significant shrinkage with wall climbing phenomenon 293.33 0.513
3 Significant shrinkage with wall climbing phenomenon 227.87 0.379
4 Significant shrinkage with wall climbing phenomenon 153.01 0. 188
5 Significant shrinkage with wall climbing phenomenon 223.18 0.350

10 Significant shrinkage with wall climbing phenomenon 181.11 0.211

The preceding experimental data demonstrated that the use of
a single lyoprotectant, mannitol, can result in a greater support
capacity due to its tendency to form crystals during the lyophiliza-
tion process. Furthermore, the appearance of the lyophilized sam-
ples gradually improved as the dosage of mannitol increased. How-
ever, the crystals also disrupted the structure of the liposomes,
which resulted in fusion of the liposomes and an increase in the
size of the particles. Although the products of glucose and sucrose
exhibited clear shrinkage, wall climbing phenomena and a poor
appearance in all groups, the particle size and PDI values meas-
ured after the lyophilized samples were redissolved gradually de-
creased with the increase in the dosage of sucrose and glucose.
Consequently, the experiment considered the combination of
mannitol and sucrose or mannitol and glucose as a potential lyopro-
tectant.
3.5 Screening of the type and dosage of combined lyopro-

tectants The amount of lyoprotectant was fixed at 5% , 6% ,
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7% , 8% , 9% , and 10% , with a mass ratio of the two lyopro-
tectants of 1 : 1. The appearance, particle size, PDI, and re-dis-
persibility of the lyophilized samples were employed as evaluation
indicators to investigate the protective effect of mannitol on the

Table 7 Screening of the type and dosage of combined lyoprotectants

lyophilized samples when it was utilized as a lyoprotectant in com-
bination with sucrose and glucose, respectively. The results are
shown in Table 7 and Fig. 1.

Dosage and type Appearance Rejdissolulion Parti(?,lf% si.ze before Paltticle s?ze after PDI 'b.ef01.“e P]')I afte.r
time // sec Iyophilization //nm re-dissolution /nm  lyophilization re-dissolution
5% Mannitol-sucrose Shrinkage and wall climbing 19.9 102.5 102.0 0.242 0.221
5% Mannitol-glucose Shrinkage and wall climbing 40.15 103.3 97.85 0.236 0.211
6% Mannitol-sucrose Rising 26.1 104.3 104.7 0.250 0.224
6% Mannitol-glucose Full and wall climbing 37.3 104.5 98.31 0.221 0.224
7% Mannitol-sucrose Rising 33.6 129.4 136.9 0.181 0.338
7% Mannitol-glucose Partial shrinkage 26.3 132.6 112.8 0.212 0.196
8% Mannitol-sucrose Partial shrinkage 39.4 134.5 144.8 0.218 0.335
8% Mannitol-glucose Rising 37.9 134.2 121.4 0.221 0.206
9% Mannitol-sucrose Partial shrinkage 40.13 118.9 109.9 0.239 0. 196
9% Mannitol-glucose Partial shrinkage 42.1 120.2 133.0 0.234 0.363
10% Mannitol-sucrose Loose and full 32.3 92.85 99.96 0.208 0.169
10% Mannitol-glucose Partial shrinkage 49.7 93.49 113.8 0.214 0.346

Fig.2 10% mannitol-sucrose lyophilized liposomes and samples af-

ter re-dissolution

A comprehensive weighted scoring method was employed for a
more intuitive analysis with a comprehensive score. The relative
importance of each indicator was determined based on the appear-

ance and morphology scores, which were assigned a value of 1 -5.

—— Before 10% mannitol-sucrose lyophilization
—— After 10% mannitol-sucrose lyophilization

Intensity Il %

0.1 1 10 100 1 000 10 000
Size Il d. nm
Fig.3 Particle size distribution diagram of samples before and af-

ter lyophilization

The weighting coefficient for the appearance (A) of the lyophi-
lized liposomes was found to be 0.5, while the weighting coeffi-
cient for the increase in particle size before and after lyophilization
(B) was 0.3. The weighting coefficients for the time of re-disso-
lution (C) and the increase in the PDI before and after lyophiliza-
tion (D) were both 0. 1. The resulis are presented in Table 8.
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Table 8 Comprehensive score of combined lyoprotectants

Dosage and type Appearance score

Particle size increase //nm

Re-dissolution time // sec PDI increase Comprehensive score

5% Mannitol-sucrose 2 0
5% Mannitol-glucose 1 0
6% Mannitol-sucrose 3 0.4
6% Mannitol-glucose 4 0
7% Mannitol-sucrose 3 7.5
7% Mannitol-glucose 3 0
8% Mannitol-sucrose 3 10.3
8% Mannitol-glucose 4 0
9% Mannitol-sucrose 4 0
9% Mannitol-glucose 4 12.8
10% Mannitol-sucrose 5 7.11
10% Mannitol-glucose 4 20.31

19.9 0 0.160 0
40.15 0 0.019 2
26.1 0 0.241 6
37.3 0.003 0.3230
33.6 0.157 0.021 6
26.3 0 0.247 1
39.4 0.117 -0.0059
37.9 0 0.3237
40.13 0 0.3193
42.1 0.129 0.044 1
32.3 0 0.3300
49.7 0.132 —0.084 1

The results demonstrated that the product obtained with a
10% mannitol-sucrose combination as the lyoprotectant exhibited
the highest overall score. This was evidenced by its superior ap-
pearance, rapid re-dissolution, and the solution’s enhanced clarity
after re-dissolution, which exhibited a light blue milky hue. Addi-
tionally , the particle size and PDI after re-dissolution were compa-
rable to those observed before lyophilization, as illustrated in
Figs.2 -3.

Comprehensive score =0.54/4,, —0.3B/B
0.1D/D

max

-0.1¢/C,,, -

max max

4 Discussion

In order to enhance the stability of hydroxypropyl tetrahydropyrant-
riol liposomes, a preliminary study of their lyophilization process
was carried out. The lyophilization process, type, and dosage of
single lyoprotectant and combined lyoprotectants of hydroxypropyl
tetrahydropyrantriol liposomes were evaluated using the appear-
ance, re-dispersibility, particle size, and PDI of the products as
indicators.

The use of a single lyoprotectant resulted in a gradual im-
provement in the appearance of the product with an increase in the
dosage of mannitol. However, this was accompanied by an in-
crease in particle size and PDI, a reduction in re-dispersability,
and a slow re-dissolution rate. The increase in sucrose and glucose
concentration did not result in an improvement in the appearance
of the product. However, there was a significant reduction in par-
ticle size and PDI, and the re-dispersability was enhanced. The
results of the screening for the type and dosage of single lyopro-
tectant were used to inform the examination of the type and dosage

of combined lyoprotectants. The final lyophilization process was
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determined to be as follows; pre-freezing for 16 h at —80 °C , with
a total drying time of 36 h; hydroxypropyl tetrahydropyrantriol ly-
ophilized liposomes were prepared by using additional 10% man-
nitol-sucrose as the lyoprotectant, and the resulting product had a
fluffy and full appearance without shrinkage and collapse. The re-
sulting products exhibited a fluffy and full appearance, with no
shrinkage or collapse. There was no change in volume before and
after lyophilization, and the products demonstrated good re-disper-
sibility, rapid re-dissolution, and minimal change in particle size

and PDI before and after lyophilization.
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