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AHHOTANIIA
Xiang LIU. JocaixxeHHs1 TEeXHOJIOTii BUT'OTOBJICHHSA
HAHOKPHUCTAJIIYHOIO0 TeJI CHIIOIHY IS 3aXucTy IIKipM  Bia
NOMKOI)KeHb. — Pykonuc
Maricrepcbka poboTta 3a creriaipHicTio 226 dapmartis, MpoMHUCIOBa

dapmainis. KuiBcbkuil HallloHaILHUN YHIBEPCUTET TEXHOJIOTIA Ta JW3aliHY,

Kwuis, 2021.

Maricrepchka poOoTa MpHUCBSUYEHA MPUTOTYBAHHIO HAHOKPHUCTATIIYHOTO
TIAPOTeNt0 CUTIOIHY [Js 3armoOiraHHs MOUIKO)KEHHIO IIKIPH Ta BHUBYEHHIO
pOro mporecy. B xoJi ekcriepuMeHTy OyJji0 MPUTOTOBJIEHO HAHOCYCIIEH31S
CUII0IHY, HAHOKPUCTAIIYHUN TIAPOresib CUIIOIHY Ta JOCIIIKEHO BIIUB
HAHOKPHUCTAIIYHOTO TIIPOreit0 CWIi0iHy Ha MIKIpY, MOmKomkeny YDB-
npoMeHsiIMU. BcTaHOBIIEHO, 11O CepelHid po3Mip YaCTUHOK HaHOCYCHEH3ii
cunibiny nopiBHIoe 41,36 HM, a 1HAEKC AucnepcHocT! ckiagae 0,2848. Po3mip
gacTuHOK 10 % Hanocycnensii cuiiOiny ctaHOBUTH MeHie 14,21 um; 50% -
meHme 27,02 vm; 90% - menme 51,46 HM. Y mpoueci OpUroTyBaHHS
HAHOKPHUCTAIIYHOTO TIAPOTENI0 CHIIOIHY OJEpPkKAHO TiIPOTeIeBUN MPOIYKT 3
BHCOKOIO CTaOLIBHICTIO Ta BIAYYTTSAM OCBDKEHHS MIKipu. B excriepumenTax Ha
MuIIax Oylo JAOBEACHO, IO HAHOKPUCTAIIYHMU TiAporeiab CuiibiHy Mae
OUYEBHJIHUN 3aXHUCHUN €(EeKT MpH HAHECEHHI Ha WIKIpYy, MOIIKOIKEHY MpU
YOB onpomiHeHHI. PO3risiHyTO TakoX NEPCHEKTUBHU MOJAJBIIOI pO3pOOKHU
HAaHOKPUCTAIIYHOTO rigporento cuiibiHy. HaHocycnensis wmae ©Oararo
nepeBar, SKuX He MawTh TpaaulliiHi perentypu. [lomanbin mgocmimpKeHHsS
MPUTOTYBaHHS HAHOCYCHEH31i MOKE MIJIBUILUTH ii CTaOUIBHICTH 1 MA€ XOPOIILY
010CYMICHICTb.

Knrouosi crnosa: namoxpucmaniunuii eiopoeenv cunibiny, cmabinizamopu, memoou

npucomy8aHHs



SUMMARY

Xiang LIU. Study on the formulation technology of silybin nanocrystals
gel for resist skin injury
Master's thesis on the specialty 226 Pharmacy, industrial pharmacy. Kyiv

National University of Technology and Design, Kyiv, 2021.

The master's thesis is devoted to the preparation of nanocrystalline hydrogel
silibin to prevent skin damage and study this process. During the experiment, nano-
suspension of silibin, nanocrystalline hydrogel of silibin was prepared and the effect
of nanocrystalline hydrogel of silibin on UV-damaged skin studied.

It has established that the average particle size of the silybin nanosuspension
IS 41.36 nm, and the dispersion index is 0.2848. The particle size of the 10% silybin
nanosuspension is less than 14.21 nm, 50% is less than 27.02nm, and 90% is less
than 51.46 nm. In the preparation process of silybin nanocrystalline hydrogel, a
hydrogel product with strong stability and refreshing skin feel has obtained. Finally,
in nude mice experiments, it is proved that silybin nanocrystalline hydrogel has
obvious protective effect on UVB-induced skin damage.

Prospects for further development of nanocrystalline silibin hydrogel are also
considered. Nanosuspension has many advantages that traditional formulations do
not have. Further preparation of nanosuspension can expand the stability of the
suspension and has good biocompatibility.

Key words: silybin nanocrystals hydrogels, stabilizers, preparation methods
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INTRODUCTION

More than 35% of the potential drugs have the problem of poor water
solubility, which makes some potential drugs with key effects unable to be sold or
produced good therapeutic effects. Company Elan cooperated with a few large
pharmaceutical companies and successfully developed two new formulations and
put them on the market using nano-crystallization technology. Using this
technology, micron-sized drug crystals are wet-processed into nano-sized particles
and adsorbed on the surface of the particles. The stabilizer can improve the stability
of nanoparticles and inhibit the agglomeration of crystals.

For many years, as a functional biomass matrix material, hydrogel has been
endowed with unique functions, such as biocompatibility, strong water absorption
and water retention, responsiveness, adsorption, chemical modification, etc. It has a
huge range of added and application value in the fields of pharmacy, chemistry,
electronics, environment, etc. According to different synthetic materials, hydrogels
can be divided into two types: natural polymer hydrogels and synthetic polymer
hydrogels. Drug nano-crystallization, also known as nanosuspension, is a
submicrocolloid dispersion system prepared by self-assembly or fragmentation
technology by dispersing drug particles in a medium with a small amount of
surfactant or polymer as a stabilizer. Drug nanocrystals can be administered in
various ways, oral dosage forms are relatively rare, and transdermal dosage forms
are mostly in the exploratory stage. However, these two methods of drug delivery
are difficult to directly enter cells in the form of nanocrystals, resulting in low cell
uptake rates. In contrast, intravenous injection significantly increases the rate of cell
uptake. The development of nanocrystals for intravenous injection can reduce the
adverse reactions of existing intravenous products and achieve targeted drug
delivery. The reduction of drug particles from micrometer to nanometer will cause
special changes in their physical and chemical properties, making them have
different physical and chemical properties from ordinary preparations. For example,

making water-insoluble drugs into nanocrystals can effectively increase their
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solubility and dissolution rate, thereby significantly improving their oral
bioavailability. The skin permeability of the drug increases with the increase in
saturated solubility. The adhesion of the drug to cell membranes or biofilms is
significantly increased. The preparation of isotonic nano-aqueous suspension can
effectively reduce the dose of intravenous medication and the incidence of adverse
reactions. Although some insoluble drugs can also be improved by adding
surfactants (such as polyoxyethylene castor oil EL) or adding solvents.

Studies have shown that drug nanocrystals prepared by Tween-80 or Poloxam
188 can avoid the above-mentioned adverse reactions and are well tolerated by
intravenous injection [1-6]. Currently, there are two basic processes for the
preparation of drug nanocrystals: bottom-up (self-assembly technology) and top-
down (crushing technology). The latter is more widely used in the pharmaceutical
industry.

A hydrogel is a gel that uses water as a dispersion medium. The water-soluble
polymer with a network cross-linked structure introduces a part of hydrophobic
groups and hydrophilic residues. The hydrophilic residues and water molecules are
combined in the network, the water molecules are combined in the network, and the
hydrophobic residues are in the water of the cross-linked polymer. It is a polymer
network system that is soft, can maintain a certain shape, and can absorb a lot of
water. The formation principle is that all water-soluble or hydrophilic polymers can
form hydrogels through certain chemical or physical cross-linking. These polymers
can be divided into two categories: natural and synthetic according to their source.
Natural hydrophilic polymers include polysaccharides (starch, cellulose, alginic
acid, hyaluronic acid, chitosan, etc.) and polypeptides (collagen, polylysine,
polyglutamic acid, etc.). Synthetic hydrophilic polymers include alcohols, acrylic
acid and their derivatives (polyacrylic acid, polymethacrylic acid, polyacrylamide,
etc.). Hydrogels can be divided into physical gels and chemical based on the
different bonding of the hydrogel network gel. The physical gel is formed by the
physical forces such as electrostatic interaction, hydrogen bonding and chain

entanglement. This kind of gel is non-permanent and can be converted into a
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solution by heating, so it is also called pseudo gel or thermo-reversible gel. Many
natural polymers are in a stable gel state at room temperature, such as K2
carrageenan, agar, etc. A typical example of synthetic polymer is polyvinyl alcohol
(PVA), which can be frozen and thawed to form a stable hydrogel below 60° C.
Chemical gel is a three-dimensional network polymer formed by cross-linking of
chemical bonds. It is permanent and is also called true gel.

According to the size and shape of hydrogels, it can be divided into giant gels
and micro-gels (microspheres). Giant gels can be divided into columnar, porous
sponge, fibrous, membrane, spherical, etc. according to their shape. The prepared
microspheres can be divided into micro-level and nano-level. According to different
synthetic materials, hydrogels are divided into synthetic polymer hydrogels and
natural polymer hydrogels. Natural polymers have received more and more
attention from scholars because of their good biocompatibility, environmental
sensitivity, abundant resources and low prices. However, natural polymer materials
have poor stability and are easily degraded.

Silybin properties: silybin is white crystalline powder. No peculiar smell, smell
a bit bitter, strong hygroscopicity. Easily soluble in acetone, ethyl acetate, methanol,
ethanol, slightly soluble in chloroform, almost insoluble in water. Silybin is suitable
for the treatment of liver cirrhosis, acute and chronic hepatitis, liver poisoning and
other diseases. Silybin has an effective anti-inflammatory effect. Current research
shows that silybin has good biological activities, such as liver protection, anti-
tumor, cardiovascular protection, antibacterial and so on. Studies have shown that
silybin can treat some common problems of ordinary women, such as vaginal
ulcers, uterine fibroids, and cervical erosion [9-13].

Ultraviolet rays (UVB) under the sun is one of the main environmental causes
of skin damage, which can induce complex changes in skin cells, including DNA
damage, oxidative stress, inflammation and apoptosis. The prevention and repair of
UVB damage requires a variety of interventions, such as DNA repair, removal of
reactive oxygen species (ROS) and inhibition of inflammation. Silybin is a

traditional flavonoid hepatoprotective agent, which has a significant protective
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effect on UVB-induced skin cell damage, but its mechanism is not fully
understood. Previous studies in vivo have shown that silybin can inhibit UVB-
induced skin inflammation in mice. UVB irradiation reduces the autophagy of
epidermal cells and increases the autophagy of dermal cells, while silybin regulates
autophagy in both directions to inhibit epidermal and dermal inflammation. In order
to clarify the protective mechanism of silybin on UVB-damaged skin cells, it is
necessary to study epidermal cells and dermal cells separately.

The purpose of this paper is to prepare a silybin nanocrystalline hydrogel that
can effectively prevent the skin from the damage by ultraviolet rays. This research
takes the plant silybin as the main body and the mouse epidermis as the research
object. The mid-grinding method was used to prepare nanocrystalline silybin
hydrogel. Milk thistle nanocrystalline hydrogel is a traditional Chinese medicine
cosmetic. Compared with modern cosmetics Silybum marianum hydrogel has the
characteristics of a long history, diverse functions, pure naturalness, and overall
treatment. It is more in line with the modern concept of natural health and has a
potential commercial market. In the field of pharmacy, this experiment mainly uses
pure plant formulas of traditional Chinese medicine. Chinese medicine can further
nourish the skin by nourishing gi and blood, nourishing the spleen and stomach,

nourishing the lung and nourishing the kidney.
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SECTION 1 PRESCRIPTION STUDY

1.1 Introduction to Silybin

Silybin, which belongs to the genus Compositae, Silybum marianum, is
widely found in North Africa and southern Europe. It is a folk medicinal herb
suitable for the treatment of liver diseases. It was not until the 1960s that
German pharmacists successfully extracted the effective ingredients of silybin,
that my country used silybum marianum as a medicinal plant to promote liver

protection on a large scale. Silybum marianum is shown in Figure 1.1.

Figure 1.1 — Silybum marianum

Silybin is white crystalline powder. Slightly bitter, odorless, hygroscopic.
Its melting point is 167°C, and it melts when heated to about 80°C.

Silybin is an active ingredient extracted from the fruit or seeds of the
silybinplant. It belongs to flavonoids and consists of one molecule of Taxifolin
(flavonoids) and one molecule of Coniferyl (lignans). Silybin is a mixture of
two stereoisomers. It is insoluble in chloroform and water, easily soluble in
aqueous solutions with a pH value of 7-12, and more easily soluble in organic
solvents such as ethyl acetate, acetone, ethanol and methanol. Silymarin,
silymarin A, silymarin B are isomers of silybin. Silybin has a history of more
than 2,000 years in the treatment of liver and gallbladder diseases in ancient

China [15-23]. Clinical studies have shown that liver damage caused by various
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types of carbon tetrachloride, muscarinine, TAA and other liver poisons, such as
hepatitis and cirrhosis. The mechanism of silybin action is to remove active
oxygen free radicals in the body and protect liver cells from damage. Promote
the repair and regeneration of liver cells. Silybin has protective and therapeutic
effects, and it inhibits the increase in ALT caused by tetratryptamine also [1].
This year's study found that silybin also has anti-prostate cancer, bladder
cancer, breast cancer and colon cancer effects, which has attracted widespread
attention at home and abroad. In addition, silybin has a very strong antioxidant
function, which can eliminate free radicals in the human body, anti-aging,
health food, biopharmaceuticals, food, cosmetics, skin care products and other

fields. The molecular formula of silybin is shown in Figure 1.2.

S ln.'. 0 OH

Figure 1.2 — Silybin molecular formula

1.1.1 Pharmacological activity of silybin
(1) Anti-tumor

As we all know, silybin is a broad-spectrum anti-tumor drug, which acts at
different stages of the tumorigenesis process [2]. Its mechanism of action is to
inhibit the activity of tumor receptors (tyrosine kinase, PTK), such as inhibiting
the transformation of epidermal growth factor and insulin growth factor and their
molecular signals, and inducing apoptosis of cancer cells by promoting the
expression of apoptosis regulators. Regulate the cell cycle to prevent the

proliferation of cancer cells. By regulating and promoting autophagy factors to
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induce cancer cells to swallow themselves, it has a strong inhibitory effect on

prostate cancer, breast cancer, colon cancer and lung cancer. In the treatment of
type 2 diabetes, significant clinical effects have been achieved by reducing
glycolytic pathways.

(2) Liver protection

Silybin has many physical and chemical properties such as scavenging free
radicals, anti-lipid, anti-oxidation, maintaining cell membrane stability, and
reducing lipid content in blood. Silybin also has a strong protective effect on the
liver, so silybin has a good protective effect on liver damage caused by some
hepatic toxins. The liver protection mechanism of silybin can be divided into:

(D Protective effect on liver membrane and protect liver function.
Maintain the fluidity of the cell membrane through peroxidation, prevent
damage to the liver cell membrane, and enhance the ability of the liver cell
membrane to resist related hepatic toxins.

@ Silybin promotes the repair and regeneration of liver cells, and can enhance

the expression of RNase in the nucleus, thereby promoting cell repair and
regeneration.

@ Anti-liver fibrosis, silybin can directly inhibit the activation of cell-related
factors and inhibit the occurrence of liver fibrosis.

In terms of function, silybin is commonly used to treat liver damage such as
alcoholic liver disease, liver fibrosis, and non-alcoholic fatty liver.

(3) Cardiovascular protection

Cardiovascular diseases threaten human life and health, and are the main cause
of human health deaths. Silybin can increase the efficiency of protein expression in
mitochondria, reduce the damage of cardiomyocytes, improve mitochondrial
function, and protect cardiomyocytes. At the same time, silybin can reduce the
damage of cardiomyocytes caused by hypoxia and lack of sugar. Silymarin regulates
the activity of antioxidant enzymes, blocks oxidative stress, improves
hemodynamics, and blocks myocardial ischemia-reperfusion injury by regulating

the expression of inflammatory factors and NADPH oxidase Il, and improves
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cardiac complications of sepsis.

(4) Antibacterial

There are two main mechanisms of action of natural medicine on bacteria, one is
to destroy the cell wall of bacteria, the other is to destroy the integrity of cell
membrane, hinder the energy metabolism of bacteria, and affect the synthesis of
bacterial protein, RNA or DNA. Many studies have proved that silybin can inhibit
bacterial protein expression and destroy bacterial cell walls through the following
measures [3]. Silybin can inhibit the synthesis of nucleic acid and protein of
Staphylococcus epidermidis, destroy the structure of the biofilm, and weaken the
growth of the biofilm of Staphylococcus epidermidis and the activity of
topoisomerase. In addition, silybin inhibits the efflux gene expression of methicillin-
resistant Staphylococcus aureus quaternary ammonium salt resistance protein and
quinolone resistance protein, which can inhibit the efflux system and restore the
antibiotic sensitivity of MRSA.

In summary, although silybin has a variety of pharmacological activities, its
water solubility is poor, and its equilibrium solubility in distilled water at 25°C is
only 40 mg/ml. Silybin has a short half-life in plasma, low bioavailability in the
body, and low utilization rate, which hinders the application and development of
silybin [4]. At present, the bioavailability of soy milk thistle can be improved by the
formation of salt, cyclodextrin inclusion, solid liposomes, etc., but the use of these
technologies has a certain range, beyond which they are no longer applicable. These
technologies will cause some adverse reactions, such as poor physical stability, low
drug-polymer interactions or excessive addition of accessories can cause adverse

reactions.
1.2 Introduction to nanocrystals
1.2.1 Research progress of nanocrystals

At present, more and more new active drug molecules are discovered, and

about 40% of the drugs under development and 70% of the synthetic drugs under



18
high-throughput screening are insoluble drugs with low solubility and high

permeability. According to incomplete statistics, the clinical loss caused by
insoluble drugs is as high as 60 billion U.S. dollars each year. At the same time, due
to poor water solubility, low oral bioavailability, and unstable absorption, patients
can only achieve therapeutic effects by increasing the dose of the drug, and large
doses may cause toxic side effects and cause great physical harm to the patient. The
increase in solvents may greatly cause thorny safety issues such as patient allergies,
irritation, drug release, and concentration reduction. The preparation methods to
improve bioavailability mainly include salt method, cyclodextrin inclusion method,
emulsion method, solid dispersion method and so on. Although these methods can
improve the insolubility of drugs, they also have some drawbacks. For example, the
cyclodextrin inclusion technology has high requirements for drug molecules, solid
dispersion, and poor physical stability.

The basic structure difference between nanocrystals and other nano-drug

delivery systems is shown in Figure 1.3.

polymenc nanoparticles

903"1“

nanoemulsions
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Figure 1.3 — The basic structure difference between nanocrystals and other nano

drug delivery systems
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Drug nanocrystals, also called nanosuspensions, use a small amount of

surfactants or polymers as stabilizers to disperse the drug particles in a medium and
process them through some physical or chemical methods. The drug nanosuspension
is a submicron colloidal dispersion system prepared by self-assembly or
fragmentation technology, which disperses the size of the drug particles in a fixed
partition. The particle size range is 20-500 nm. According to the Noyes-Whitney
equation, small particles with a large specific surface area can increase the solubility
and dissolution rate of insoluble drugs in vivo and in vitro, thereby increasing the
bioavailability of insoluble drugs in the human body. Macromolecules and
surfactants should be selected as stabilizers to reduce toxicity, improve efficacy, and
improve patient compliance.

Nanocrystals can be used as the final dosage form or as an intermediate
dosage form, which can be further processed into tablets, capsules, patches or
sprays, etc., and can be administered orally by injection, pulmonary inhalation or
ocular administration. Among them, oral dosage forms are few, and transdermal
dosage forms are mostly in the research stage. However, it is difficult for drugs to
enter cells directly in the form of nanocrystals, and the cell uptake rate is low. In
contrast, intravenous injection significantly increases the rate of cell uptake. The
development of nanocrystals for intravenous injection can reduce the adverse

reactions of existing intravenous products and achieve targeted drug delivery.

1.2.2 Preparation method of nanocrystalline
Currently, there are two basic processes for the preparation of drug
nanocrystals: bottom-up (self-assembly technology) and top-down (crushing
technology). The latter is more widely used in the pharmaceutical industry.
(1) Self-assembly technology
The basic principle of this method is to dissolve the drug in a solvent, and to
precipitate the drug to form nanocrystals by adding a non-solvent. The key to this
process is to control the crystal structure (amorphous or crystalline) to avoid crystal

growth beyond the nanometer scale. There are many kinds of self-assembly
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technologies, but there are no mature products published, because the technology

has some insurmountable defects, such as residual organic solvent, poor physical
stability of the preparation, and easy austenitization. Therefore, the actual first
choice is to use crushing technology.

Precipitation technology: The drug is first dissolved in a suitable organic
solvent, and then the organic solvent containing the drug is added to the aqueous
solution containing the stabilizer. The drug is supersaturated and precipitated and
crystallized to form nanocrystals. Stable nanocrystals can be obtained by controlling
the rate of crystal formation and growth. For example, rapid nucleation and slow
nucleation are ideal conditions for preparing nanocrystals. The advantage of this
method is that it consumes less mechanical energy and is suitable for water-soluble
drugs and insoluble drugs. The disadvantage is the use of organic solvents in the
preparation process, and there are safety problems such as solvent residues, which
are not widely used in actual production.

(2) Crushing technology

Nanocrystals are made of ground crystals, and there are two basic types: dry
grinding and wet grinding. After the wet milling drug particles are dispersed in the
surfactant to form a mixed suspension mill, the efficiency is higher than that of dry
grinding. The container is stirred, and the crystals in the medium are separated by
grinding, and finally nanocrystals are formed. Most commercially available nano-
products are manufactured using this technology. Crystals can also be ground by
high-pressure homogenization technology, such as IDD-PTM (Insoluble Drug
Delivery-Particle) technology of suspension fluid collision, and the crystals form
nanocrystals under the effect of collision and cavitation. DissoCubes technology can
grind crystals into nanometers through cavitation, collision and liquid shearing,
where the suspension can pass through the narrow homogenizer pores at high speed.
At present, the above-mentioned technologies must be carried out in a suspended
state, and the non-aqueous medium homogenization technology is still in the
research stage.

The high-pressure homogenization method uses a high-pressure homogenizer to
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collide and shear larger drug particles through a homogenization valve, thereby

reducing the size of the drug particles and obtaining nanoparticles. The advantage of
this method is that the particle size distribution obtained is uniform, and it is easy to
scale up industrial production. It is suitable for the preparation of nanocrystals for
sterile injection. The disadvantage is that the preparation of nanocrystals requires
multiple homogenization cycles and high homogenization pressure to obtain, and the
preparation cycle is long.

In the media grinding method, the drug is first added to an aqueous solution
with a stabilizer, and then is placed in a grinder equipped with a grinding medium to
cause the drug particles to collide and shear with the grinding medium and the wall
of the grinding chamber. Then the filter is used to separate the particles, leaving the
large particle size grinding media and drugs in the grinding chamber. The drug with
a small particle size enters the recirculation chamber, and can not be directly taken
out from the recirculation chamber until the required particle size is reached to
obtain drug nanocrystals. The method has a wide range of applicable drugs, simple
preparation process, easy industrial production, and small particle size difference
between batches. The disadvantage is that the medium will fall off and dissolve
during the drug grinding process, so that the prepared nanocrystals contain a certain
amount of impurities, which are not suitable for injection administration.

(3) Combination process

Using a single preparation method is not only suitable for a narrow range of
drugs, but also difficult to prepare nanocrystals with uniform particle size and good
stability, and the preparation effect is not ideal. Therefore, the combination of two
or more methods is not only suitable for a wide range of drugs, but also can better
prepare nanocrystalline drugs. Compared with a single technology, a combination of
several technologies is usually used to improve the safety and effectiveness of the
product.

The combined process usually includes pretreatment and high-pressure
homogenization, that is, high-pressure homogenization after crystals are precipitated

to form a suspension. The advantage of this combination is flexible operation. In the
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presence of solvent and no solvent, crystals precipitate at the two countercurrent

interfaces, and form nanocrystals after high-pressure homogenization. Combining
multiple technologies, including different patents, these technologies can reduce the
number of homogenizations and produce nanoparticles with a particle size of less
than 100 nanometers. In practical applications, combining H 96 technology (freeze-
drying technology and high-pressure homogenization technology) can prepare
amphotericin B nanocrystals with an average diameter of only 50 nm. For example,
the high-pressure homogenization method combined with the precipitation method.
First, the precipitation method is used to obtain larger particles, and then the high-
pressure homogenization method is used to obtain products with uniform particle
size distribution. The combination of these two methods not only avoids the
problem of uneven particle size caused by the precipitation method, but also
overcomes the disadvantage of poor physical stability. Therefore, combining
different preparation methods to prepare nanocrystals has good development

prospects.

1.2.3 Application advantages of nanocrystals
@)) Improve the dissolution rate of insoluble drugs and further
increase the bioavailability.

Sandalwood and Astragalus are a kind of plant antitoxin, which is a natural
derivative compound. It has anti-inflammatory, analgesic, and anti-tumor effects, but
its characteristics such as easy oxidation and poor water solubility are severely
restricted in clinical practice. Chen Zhe et al. prepared Astragalus into nanocrystals
[61-64]. In vivo pharmacokinetic experiments in mice showed that the CMX and
AUC (0-T) of oral nanocrystals were improved, which were 3.38 times and 1.47
times that of the crude drug, respectively, and the bioavailability was significantly
improved.

2 Increase gastrointestinal adhesions, reduce body differences
in drug absorption, and reduce the impact of dietary consumption on

bioavailability.
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Small-sized nanocrystals can increase the adhesion of drugs, and especially are

suitable for pulmonary, gastrointestinal and nasal administration, and can
significantly improve the absorption of drugs. The adhesion mechanism of
nanocrystals mainly includes electrostatic theory, diffusion theory, and adsorption
theory. Li Qian et al. orally administered Aprepitant (20 um, 1um) and Aprepitant
nanocrystals (230nm) of different particle sizes to rats, and the bioavailability was
33.1%, 46.7%, and 67.5%, respectively. Therefore, nanocrystals can increase the
adhesion of drugs and improve bioavailability.

(3) Increase the stability of the formulation

10-Hydroxycamptothecin is easy to open under alkaline conditions, resulting
in the loss of original pharmacological activity. The ring-opening rate of
nanocrystals prepared by Zhang Yi et al. is less than 10% at pH 7.0-8.0 [9-10].The
results show that nanocrystalline technology can improve the stability of
preparation.

(4) Increase the safety of the preparation, reduce or even no use of

solvents, thereby reducing the toxicity of the drug
Insoluble drugs usually add a large amount of solvent to increase its solubility

in water, but adding a large amount of solvent can cause adverse reactions to the
human body. For example, the preparation of etoposide injection requires the
addition of a large amount of solvents such as Tween-80 to improve the solubility of
the drug, but the injection is more irritating and can cause bone marrow suppression.
Zhang Dong et al. prepared etoposide into nanocrystals, and the results showed that
etoposide significantly reduce the inhibitory effect on bone marrow [19-21].
Therefore, the preparation of insoluble drugs into nanocrystals can reduce the
dosage of surfactants, reduce the dosage, and reduce the probability of adverse
reactions, thereby improving the safety of preparation.

(5) Targeted drug delivery can be achieved

Nanocrystals can improve the targeting ability of drugs and achieve targeted
drug delivery in specific tissues and organs. After intravenous injection or inhalation

of drug nanocrystals, when the drug particles are less than 1 nm, they are easily
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recognized and ingested by the reticuloendothelial system (RES), and passively

gather in the liver, spleen and bone marrow to achieve passive drug targeting. At the
same time, after surface modification of drug nanoparticles, active targeting can be
achieved. Muller et al. used polyethylene glycol to modify the surface of drug
nanoparticles, which can prolong the residence time of the drug in the body. So as to
achieve the purpose of long-term circulation of drugs in the body.

(6) Because the drug nanosuspension contains fewer
excipients, the carrier and drug loading are higher by changing the size
of the insoluble drug crystal particles, dividing the area, and changing
the drug metabolism mode, different injections and administration can

be achieved the purpose of long-term efficacy.

1.2.4 Biopharmaceutical characteristics of nanocrystals
There are many ways to use nanocrystalline drugs. The most of them are oral,
intravenous injection, transdermal administration, inhalation, etc., which have
expanded the use of nanocrystalline drugs. Different administration methods will
also lead to certain differences in the behavior of nanocrystalline drugs in the body.
(1) Oral
At present, the most reliable and convenient method of administration is oral
administration. In oral preparations, dissolution is a key factor affecting drug
bioavailability. After mixing and preparing the nanomedicine suspension, its
dissolution rate increases a lot, and the absorption capacity of the mucosa increases.
At the same time, it can also increase the residence time of the drug in the
gastrointestinal tract, which significantly improves the bioavailability of the drug.
Targeted delivery of drugs to lymphatic vessel-mediated diseases.
(2) By intravenous injection
The advantages of intravenous administration are rapid action, low dosage
and good bioavailability. However, in the production process, for insoluble drugs, it
Is often necessary to use a small amount of preparations and solvents that may cause

serious adverse reactions, and the use of insoluble intravenous preparations is greatly
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inhibited. In the production process, the nanocrystalline medicine does not need to be

added to the formula, the toxicity and adverse reactions are small, and it is especially
suitable for intravenous administration.
(3) Inhalation administration
Compared with the total area of human skin, the total area of alveoli is very
large, about 100 square meters. After the medicine enters the lungs, it can quickly
enter the large circulation, and the effect is quicker. According to data, the
bioavailability of drug nanocrystalline aerosols is significantly higher than that of
powder inhalers.
(4) Eye medication
Ocular administration has always been a very difficult way of administration,
possibly because of the disorder of the blood-eye barrier around the eyes.
Nanocrystalline drugs occupy a large area and form attraction between different
molecules in the eye, which can increase the absorption range of the drug and
increase the action time [12].
(5) Transdermal administration
The delivery of drugs in the outermost layer of the epidermis plays a crucial role
in the bioavailability of transdermal drug delivery. This may be due to the small size
of the nanocrystalline drug particles, which can penetrate the gaps in the outermost
layer of the epidermis and significantly expand the transdermal ability. After the
nanocrystalline drug diffuses, it can stay in a certain part of the skin for a long time,

release the drug slowly, and then increase the action time.

1.3 Introduction to hydrogels

1.3.1 Research progress of hydrogel
Generally, a hydrogel is a hydrophilic hydrogel, which is a three-dimensional
network polymer with a large amount of water or water as a dispersion medium in
the structure. Over the years, researchers have proposed different definitions of

hydrogels. The most common definition is the next: a hydrogel is a polymer
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network with a cross-linked structure produced by a simple reaction of one or more

monomers, that swells in water [43-44]. Another common definition is that hydrogel
IS a polymer material with hydrophilic groups in the structure, which has a
significant water retention effect and can swell in water without dissolving [47].
Many materials, including synthetic materials and natural materials, meet this
hydrogel definition.

Wichterle and Lim introduced a hydrophilic gel with biological applications in
the early 1960s [27-31]. In the past 50 years, due to the natural tissue flexibility of
hydrogels such as high water content, many scientific researchers have conducted a
lot of research to improve the performance of hydrogels and promote use of
hydrogel. The hydrophilic groups of the polymer backbone determine the water
absorption capacity of the hydrogel, and the cross-linking points in the hydrogel
network define its insolubility in water. Therefore, the biopolymer hydrogel, due to
its high water content, water retention, water swelling characteristics, and
biomolecule biocompatibility, flexibility, degradability, and biospecificity, makes
the biopolymer hydrogel Glue is of great significance in biomedical fields such as
biomaterials, regenerative medicine, biological tissue engineering, and gene therapy.
However, poor mechanical strength and high production cost have always been
important factors restricting the application and development of biopolymer
hydrogels.

The anti-bacterial hydrogel has a certain degree of biocompatibility, can
disperse macromolecules of polymer compounds into small molecules, and inhibit
bacteria. Therefore, hydrogels have been developed and used in biopharmaceutical
fields, such as drug delivery, wound or burn coating, tissue engineering scaffolds,
and so on. According to the hydrogel matrix that has been explored for many years,
it can be divided into the following types: the hydrogels that inhibit bacteria
(alginate hydrogel, chitosan hydrogel, cellulose hydrogel, gelatin hydrogel) and
other types of hydrogels (polyvinyl alcohol gels, nano-carbon hydrogels, etc).

1.3.2 Preparation method of hydrogel
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According to the different induction systems, the preparation methods of

cellulose hydrogel can roughly divide into three methods, namely, chemical initiation
method, radiation initiation method and ionized initiation method. The preparation
of cellulose hydrogel can also divide into physical cross-linking method and
chemical cross-linking method [15]. In the preparation of physical cross-linked
hydrogels, although it has an impact on the environment, the mechanical function of
the hydrogels is low, and the chemical cross-linking method is used. However, it is a
hydrogel prepared by a dynamic chemical free radical graft polymerization method.
In terms of structure, the key to chemical crosslinking is stability. The surface
groups are more diverse and easier to react with other groups [17] and very

conducive to the development of responsive smart hydrogels [16].

1.3.3 Advantages of hydrogel
(1) No greasy feeling, very convenient to apply on the skin, and easy to
wash.
(2) It can absorb tissue exudates without affecting the general function of
the skin.
(3) Low fluidity is beneficial to the release of drugs, especially the release
of water-soluble drugs. The disadvantage is poor lubricity, easy to dehydrate

and mold, often need to mix a lot of moisturizers and preservatives.

1.3.4 Classification of hydrogels

Hydrogels can be classified in many ways. According to the different sources
of hydrogels, hydrogels can be divided into natural hydrogels and synthetic
hydrogels. Among them, natural polymer hydrogels have good biocompatibility and
degradability, and there are abundant sources of materials [24-29]. Natural polymer
proteins (collagen, gelatin, etc.) and polysaccharides (sodium alginate, chitosan,
agarose, etc.) can be used as hydrogels. However, the strength of natural hydrogels
is generally poor. Synthetic polymer hydrogels are the opposite.

Hydrogels can be divided into single-component hydrogels, two-component
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hydrogels and multi-component hydrogels according to their composition. Among

them, the one-component hydrogel is usually a cross-linked skeleton structure
formed by the same monomer through its own characteristics or polymerization
process. A two-component polymer hydrogel is a polymer network formed by free
or alternately connecting two different monomers through polymer chains. The
multi-component polymer hydrogel network is a very important hydrogel. They
interpenetrate and interact with each other to form an interpenetrating network
(IPN) [42] or a semi-interpenetrating network (SEMI-IPN) [36]. In a semi-
interpenetrating network, one component is a cross-linked polymer and the other
component is a non-cross-linked polymer.

Hydrogels can be divided into amorphous hydrogels, semi-crystalline hydrogels
and crystalline hydrogels according to their structure and chemical composition.

Hydrogels can be divided into two types, physical crosslinking and chemical
crosslinking, according to their crosslinking types. The hydrogel obtained by
chemical cross-linking has a permanent cross-linked structure, while physical cross-
linking refers to the physical interaction caused by polymer chain entanglement or
hydrogen bond, ionic bond or hydrophobic bond interaction [38]. Hydrogels can be
prepared with different physical forms by different polymerization processes during
the preparation process. According to different, hydrogel can be divided into
hydrogel matrix, hydrogel film or hydrogel microsphere.

According to the different charges of the gel network, hydrogels can be divided
into non-ionic hydrogels, ionic hydrogels (including negative ions and cations),
amphoteric electrolyte hydrogels containing acidic groups and basic groups,
zwitterionic water Each structural unit in the gel contains carboxyl and amino
groups [39].

According to the size of hydrogels, hydrogels can be classified into bulk

hydrogels, porous hydrogels, microgels, nanogels, etc [40].

1.4 Application of stabilizer
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Due to the small size of nanocrystals, large specific surface area, and

thermodynamically unstable classification system (referring to chemical reactions,
the reaction speed is faster on a macroscopic level), the physical stability of
nanocrystals has become the main obstacle to its wide application. The probability
of particles sticking to one another increases, and irreversible aggregation can occur.

Nanosuspension is a relatively new drug system, which provides new research
ideas for solving the problem of poor water solubility of drugs, and has become a
topic of great interest to researchers in the field of biopharmaceuticals. At the same
time, there may be physical stability problems in the development, delivery and
storage of nanocrystalline drugs. In order to solve the problem of poor physical
stability of nanocrystals, it is usually necessary to add one or more polymers or
surfactants to reduce the increased electrostatic repulsion and surface free energy
between particles. There are two commonly used stabilizers: charge stabilizers, such
as SDS. In the actual production process, the addition of polymer materials or
multiple substances can significantly reduce the surface tension of the solution,
which is likely to cause drug safety issues.

Chitosan is a natural linear polymer, which has the advantages of analgesia,
lowering cholesterol, and anti-oxidation. As a biocompatible polymer, it is widely
used in the field of biopharmaceuticals. Due to the simultaneous action of
electrostatic repulsion and steric hindrance, it can inhibit the agglomeration of
particles and the irreversible formation of flocs, and can be used to expand the
physical stability of the drug nanocrystalline system. In addition, chitosan and its
derivatives are positively charged in the environment and can interact with the
negatively charged phospholipids on the tumor surface to collect drugs at the tumor
site [40-43]. However, chitosan has poor solubility in an aqueous solution with pH
of 7, which greatly limits its application and development in the field of
biopharmaceuticals.

Polyethylene glycol has good water solubility and biocompatibility. It has been
widely used in the field of biopharmaceuticals. Many studies have proved that peg-

modified chitosan molecules can increase their dissolution rate in agueous solutions
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and reduce their metabolic rate in the liver, so that the drug cannot be recognized

and absorbed by human cells. Therefore, polyethylene glycol modified chitosan
molecules can be used to expand elasticity and water absorption capacity. PCL has
good biocompatibility in vivo and is often used as a drug release medium. However,
PCL's poor toughness, low dissolution rate, and slow decomposition rate hinder its
application and promotion. Using polyethylene glycol to modify PLC [44], prepared
copolymers, which improved the dissolution rate and decomposition rate of
PLC. Polyethylene glycol-poly(e-caprolactone) can spontaneously attach to the
surface of the non-hydrophilic material drug molecules in the aqueous solution, the
drug is wrapped in the core, not only can expand the water solubility of the drug, but
also prevent the drug from passing through the body's liquid substance , Enzymes,
etc. decompose, and drug activity is lost. MPEG refers to the process of water-
absorbent materials made of aqueous solutions, preventing the drug from being
dispersed in the body and being recognized and absorbed by the system [45-46], so
that more drugs can be delivered to diseased tissues and organs in such a way as to

achieve the best therapeutic effect.

1.5 Overview of skin

1.5.1 The physiological composition of the skin

The skin is the first line of defense against environmental damage and the
largest organ of the human body [2-3]. It covers the whole body and protects various
tissues and organs from physical, mechanical, chemical and pathogenic
microorganisms. The skin is mainly composed of epidermis and dermis (Figure 1.4),
including subcutaneous fat tissue and its attached hair follicles, sweat glands, fingers
(toes) and other organs. In addition, there are abundant blood vessels, lymphatic
vessels and nerves running through it. The thickness of the skin varies, the thickest
skin is on the sole of the foot, up to 4mm, and the thinnest skin is on the eyelids, less
than 1mm [1]. The epidermis is a multilayer flat epithelium, located in the outermost

layer of the skin, mainly composed of keratinocytes (derived from the ectoderm)
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[4], melanocytes [5] and cells with phagocytic ability. The dermis is located under

the epidermis and is mainly composed of collagen fibers and elastic fibers, forming
a dense network structure. The most important cell type is fibroblasts [6], which
have the function of growing and maintaining the extracellular matrix [17-34].
Derived from the mesoderm. In addition, there are a large number of blood vessels,
lymphatic vessels and nerve bundles in the dermis, which are responsible for the
support, immunity and sensory functions of the skin. The part where the epidermis
and the dermis are connected is called the true epidermal junction or basement
membrane. The basement membrane is mainly composed of type IV collagen [9].
The cells of the basal layer of the epidermis are

connected to the basement membrane through hemidesmosomes, and the dermal
tissue is mainly connected to the basement membrane through anchoring fibers and

elastic microfibers [1-10].
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Figure 1.4 — The physiological composition of the skin

1.5.2 Epidermis
The epidermis is a constantly renewing organ composed of layers of constantly
dividing keratinocytes. According to the different stages of cell development and
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morphological and functional characteristics, from the base to the surface, the

epidermis can be divided into basal layer, spinous layer, granular layer, transparent
layer and stratum corneum. Basal cells are mainly actively proliferating
keratinocytes with the lowest degree of keratinization. There are more free
ribosomes and mitochondria in the cytoplasm, and the Golgi apparatus and
endoplasmic reticulum are underdeveloped. There are many tendrils in the basal
cells, which are perpendicular to the surface of the epidermis. There are also many
actin and microtubules, which can make the basal cells

move upward after dividing [1]. There are many organelles in spinous cells, and
there are abundant keratin filaments in the cytoplasm. As the degree of
differentiation increases, keratinocytes continue to form a granular layer and a
transparent layer (only in the palms and soles) until the stratum corneum is
completely differentiated. The stratum corneum is the outermost layer of the
epidermis. The cells have died and there is no nucleus or other cellular structures.
The intercellular layer of the stratum corneum is filled with keratin and amorphous
matrix. At the same time, the stratum corneum cells also contain filaggrin and
envelope protein, which further enhances the resilience of the cells. The stratum
corneum cells continue to fall off and are replaced by newly generated and
differentiated cells, keeping the skin cells in a viable state. This is of great
significance for the skin to resist external stimuli and can effectively prevent the
invasion of exogenous damage. Healthy skin completes a renewal cycle every 28
days, but with age, the renewal cycle of the skin will become longer and longer,
leaving too many dead skins that have not been treated for a long time and

accumulating skin aging.

1.5.3 Dermis

The dermis is mainly composed of a variety of fibers, matrix and scattered
cells. The dermal papilla close to the epidermis is the superficial dermis, also called
the papillary layer, underneath it is the reticular layer, but there is no strict boundary

between the two [17]. There are mainly three types of fibers in the dermis: collagen
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fibers, elastic fibers and reticular fibers. The collagen fibers in the dermis are mainly

type | collagen, forming criss-cross collagen bundles, which play the most important
supporting role in maintaining the shape of the dermal tissue. The lower part of the
reticular layer has a higher density of elastic fibers, most of which are located around
the collagen fiber bundles and skin appendages, assisting the formation of the
scaffold. It also gives the skin elasticity. The reticular fiber is not an independent
fiber component, it is just a simple, thin collagen fiber, and its fiber bundle is spiral
and has a certain degree of flexibility. These three main fiber components together
form and maintain the shape of the dermal tissue, and provide a living space for the
cells in the dermal tissue. The amorphous and uniform colloidal matrix existing
between the fibers provides material support for various skin components and
provides a place for their material metabolism.

The main functional cells of the dermis are fibroblasts. Responsible for the
secretion and maintenance of collagen fibers, elastic fibers, matrix, etc. Abnormal
functions will significantly affect the functional state of the skin, leading to skin
aging [8-11]. In addition, the mast cells and tissue cells in the skin are responsible
for the skin's defense against foreign microorganisms and immune regulation [61].
The vascular network in the dermis can provide nutrients and oxygen to various
cells in the skin tissue. The lymphatic system regulates the immune function of skin
tissues. The nervous system is responsible for perceiving external sensations, such

as heat, touch, and pain, in order to avoid the continuation of trauma [34].

1.5.4 Immunological functions of the skin

In addition to acting as a natural barrier against environmental toxins, the skin
can also function as an immune agent. Not only are the immune cells present in the
skin from full-time, namely Langerhans cells in the epidermal and dermal lymphatic
system, etc., there are also many "part-time" immune cells, such as keratinocytes,
fibroblasts, etc., which can receive external stimulation and immunity. The
expression of factors affects the chemotaxis and activation of lymphocytes, so that

the immune function can be fully exerted.
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Keratinocytes: Keratinocytes express MHC-II antigens and produce a variety

of cytokines through the toll-like receptor (TLR) pathway. Fibroblasts: Fibroblasts
are the resident alarm cells in connective tissue. Substances released during tissue
injury or substances secreted by infected microorganisms, such as polysaccharides
and autoinducible factors, as well as certain changes in local microenvironmental
factors, may activate fibroblasts, produce chemokines, and recruit leukocytes to
tissue injury or infection Location. MMP (matrix metalloproteinase), etc., which
triggers an inflammatory response. Fibroblasts can determine the cell type and
cytokine microenvironment of the inflammation site by expressing certain cytokines
such as prostaglandins. As a whole, the epidermis of the skin exists as a defensive
barrier, while the dermis mainly supports, maintains and nourishes. They form an
interdependent, coordinated and unified overall functional structure, and together

work to protect the health of the human body.

1.6 An overview of UVB

1.6.1 Basic features of UVB

Ultraviolet (UV, wavelength 100-400nm) is the ambient light radiation that
people are inevitably exposed to in daily life, work and travel. Ultraviolet rays can
be divided into short-wave ultraviolet (UVC, wavelength 100-280nm), medium-
wave ultraviolet (UVB, wavelength 280-315nm) and long-wave ultraviolet (UVA,
wavelength 315-400nm) according to wavelength [26]. The ultraviolet rays in the
sun must pass through the atmosphere to reach the surface of the earth. In this
process, the short-wavelength UVC is completely absorbed by the ozone layer, and
part of the longer-wavelength UVB and most UVA can reach the ground and affect
the living things on the earth. On the one hand, ultraviolet light is necessary for the
human body, and the synthesis of vitamin D in the human body largely depends on
UVB radiation [25]. But at the same time, ultraviolet radiation, especially UVB, is

closely related to human skin diseases and even skin cancer [22-24].
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1.6.2 UVB protection

UVB radiation can cause skin erythema, inflammation and even cancer, so
people have always been concerned about natural radiation to prevent [31]. At
present, the protection of UVB mainly focuses on sunscreen and sun protection
factor. The sun protection factor specifically refers to the protection ability of
sunscreen products against UVB [31]. Current sunscreen products are mainly based
on the physical barrier and chemical absorption of UVB, and the cell damage caused
by UVB has no repair ability. The ideal sunscreen method should be to protect and
nourish the skin cells affected by radiation while blocking ultraviolet rays, so as more
comprehensively and thoroughly resist the adverse effects of ultraviolet rays on the
human body.

To repair damaged skin cells or pharmacologically improve the ability of cells
to respond to UVB, it is necessary to clarify the mechanism by which UVB causes
skin cell damage. The main harm of UVB radiation to cells is to affect the normal
structure and function of protein and DNA. Serious damage to DNA by UVB can

directly lead to cell death or even necrosis.
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CONCLUSIONS TO SECTION 1

Silybin, a white crystalline powder. Odorless, slightly bitter, hygroscopic.
Easily soluble in acetone, ethyl acetate, methanol, ethanol, slightly soluble in
chloroform, almost insoluble in water. Silybin is mainly used for the treatment of
liver cirrhosis, acute and chronic hepatitis, liver poisoning and other diseases. For
patients with liver function and hepatitis, silybin does have a good therapeutic
effect. With anti-shooting effect. Current research shows that silybin has good
biological activities, such as liver protection, anti-tumor, cardiovascular protection,
antibacterial and so on. Through researches, it is believed that silybin also has a
certain therapeutic effect on gynecological diseases such as vaginal ulcer, uterine
fibroids, and cervical erosion.

More than 35% of the potential drugs have the problem of poor water
solubility, which makes some potential drugs with key effects unable to be sold or
produce good therapeutic effects. Elan cooperated with a small number of large
pharmaceutical companies to use nanocrystalline technology and successfully
developed two new formulations and put them on the market. Using this technology,
micron-sized drug crystals are wet-processed into nano-sized particles and adsorbed
on the surface of the particles. The stabilizer can improve the stability of
nanoparticles and inhibit the formation of agglomerates.

For many years, as a functional biomass matrix material, hydrogel has been
endowed with unique functions, such as biocompatibility, strong water absorption
and water retention, responsiveness, adsorption, chemical modification, etc. [49]. It
has a huge range of added value and application value in the fields of pharmacy,
chemistry, electronics, environment, etc. According to different synthetic materials,
hydrogels can be divided into two types: natural polymer hydrogels and synthetic

polymer hydrogels.
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SECTION 2 RESEARCH AND ANALYSIS

2.1 The design idea of this paper

In order to solve the problem of poor water solubility of silybin and improve its
water solubility and stability, this article studied the preparation and quality analysis
of insoluble silybin nanocrystalline hydrogel. Referring to a large number of
literature sources regarding the pharmacological activity of silybin [50-52] and how
to improve its solubility and stability, the content of this thesis mainly includes the
following parts.

(1) Prescription research. Check the literature to understand the
appearance of silybin nanosuspensions and hydrogels

(2) Preparation of silybin nano-suspension. The silybin nano-suspension
was prepared, and the particle size distribution and stability of the prepared nano-
suspension were studied.

(3) Research on silybin nanocrystalline hydrogel. Before the experiment,
we must first consult the information about the hydrogel, investigate the
hydrogel process, and then evaluate the quality of the hydrogel, including

appearance and stability.

2.2 Experimental instruments and experimental drugs

Experimental apparatus

The instrument Model Number
Table top ultrasonic cleaner JP060 (15L) 1
Laboratory ultrapure water unit 1
Electronic balance 400613095095 1
Heated magnetic stirrer 1
Spectrophotometer 1

Measuring cylinder (50ml), pipette, beaker, sposable sterile syringes (5ml), tweezers,

microporous membrane (organic) 0.45 pum.
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Laboratory reagents

Drug Standard
Silymarin FY16070302

PVP K-30 Lot.N0.20121206

CH3CH,OH AR 500ml

H,O Purified

NaHCO; AR

Glycerol AR, 99%

Acrylic acid Polymers
Benzoic acid >=99%

Ethyl 4-hydroxybenzoate AR, 99%

2.3 Preparation of silybin nanocrystals

The silybin nanoparticles were prepared by reversed-phase solvent ultrasonic
precipitation method. The silybin is dissolved in a suitable organic solvent, and the
stabilizer is dissolved in distilled water. During the mixing process, the organic
phase and the anti-solvent phase must have a certain degree of mutual solubility to
prevent extraction during the experiment. The organic solution containing the drug
IS injected into the aqueous solution containing the stabilizer, and the drug is
precipitated in the anti-solvent phase due to oversaturation in concentration. By
optimizing the preparation process and conditions, the growth process of the

particles is controlled, and the ideal nanoparticle size is obtained.

2.3.1 Silybin solubility test

Take distilled water, pH2.0, pH4.0, pH6.0, pH8.0, pH10.0, pH12.0. The excess
silybin was added to the phosphate buffer in a 30mL Erlenmeyer flask and rotated at
37° C until the drug no longer dissolved. Do three sets in parallel. After equilibrating

for 48h, filter the supernatant with a 0.45um filter membrane and measure the



39

absorbance at 288nm. The external standard method was used to calculate the

concentration of silybin solution. The experimental results are shown in Table 2.1

and Figure 2.1.

Table 2.1 — Solubility of silybin at different pH (n=3)

Media Water | pH2.0 | pH4.0 pH6.0 pH8.0 | pH10.0 pH12.0
Solubility  38.43 42.48 | 45.21 44.68 99.54 | 194.35 289.38
(ug * mlY) 2.3 +4.9 53 7.2 9.6 +24.41 +34.39
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Figure 2.1 — Solubility curves of silybin at different pH (n=3)

According to the experimental results, the solubility of silybin in the buffer

solution is very low at different pH values, but as the pH value increases, the
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solubility of silybin increases from 38.43 pg-mL™ to 289.38 ug-mL™. This is due to
the influence of the molecular structure formula, which contains a large amount of
hydroxyl (-OH) and which can promote the dissolution of the drug in a high pH

environment, thereby increasing the solubility.

2.3.2 Screening of organic solvents

Add 5 mL of methanol, ethanol, ethyl acetate, and acetone into the silybin
bottle, put it into a magnetic stirrer, and stir at 37°C for 72 hours. Take 1 mL of the
sample solution, centrifuge for 15 min, 5500 rmin™, and stand still for layering to
take the supernatant, and filter with a microporous membrane (0.45um). After
quantitative dilution, measure the absorbance at 288nm and calculate the saturated

solubility, see Table 2.2.

Table 2.2 — Saturated solubility data of silybin in different organic solutions

(n=3)
Number. Organic solvent Saturation solubility, + SD(ug - ml™)
1 CH3COCH; 7937+574.39
2 CH;OH 3740+351.73
3 CH3CH,OH 2632+336.46
4 CH3(CH,);0H 2159+274.38
5 CH3;COOCH,CH, 1658+253.32

As shown in Table 2.4, silybin has the highest solubility in acetone solution,
but acetone as a solvent has higher toxicity in the pharmaceutical field, and its
solubility in ethanol is second only to acetone and methanol. Considering
comprehensively, this study chose ethanol as the solvent for the organic phase of
silybin.

2.3.3 Influence of stabilizer and drug carrier on particle size

The silybin nanocrystals prepared by traditional stabilizers were compared and
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tested. The silybin nanocrystals prepared with different stabilizers were placed for 3

days and tested by the nano-particle-size analyzer, and their particle size, multiple

dispersion coefficient (PDI) and potential data were recorded (Table 2.3).

Table 2.3 — Silybin nanocrystals prepared with Different Stabilizers (n=3)

0 day 3day
Rabilzer Partx le siz Zetapotential  Particle size Zetapotertal
PDI£SD PDI£SD

(un)+S D (mViSD (a5 D (mVxSD.
Pobxanerl88 23923130 013420019 -11 264239 30730748 034220072 -539:]144
SDS 387542872 027440021  -17.2645 46 504024831 046320087 -030£]101]
HPMC 28763£346 019340035 -10854372 342164737 028420052 -6.96+086
PVP K30 245232432 024210051 -048+271 43850572 0361x0063 -3.57%137
PEG-CS 157.28+£343 010040011 -19.824593 183356443 011420013  -17 572428
PEG- C5+

10321234 009420017 -22.6426.24 12357241 010220021 -21 84584
PEG-PCL

It can be seen from Table 2.5 that the traditional stabilizer has a general
stabilizing effect on silybin nanocrystals, and different degrees of precipitation occur
within three days after being placed at room temperature. Among them, SDS has the
worst stability to silybin nanocrystals, with a large amount of flocculation at the
bottom, the largest change in particle size, and a large change in polydispersity
coefficient. The HPMC group and PVP K-30 group silybin had the best stabilizing
effect, with less bottom sediment. Therefore, PVP K-30 was selected as the

stabilizer of silybin nanocrystals.

2.3.4 Influence of injection speed on particle size

40 mg of silybin was accurately weighted and dissolved in 10 mL of ethanol.
Magnetic stirring was performed at room temperature until it was completely
dissolved, and a 4 mg/mL silybin methanol solution was obtained as the solvent

phase. Use a syringe with a microporous filter membrane (0.45um) to absorb a
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quantitative anti-solvent phase solution and inject it into a cylinder bottle. Use a

microporous filter membrane (0.45um) syringe to absorb a quantitative amount of
silybin ethanol solution, and inject it into the cylinder bottle containing the anti-
solvent phase at injection speeds of 60 mL/min and 1 mL/min. After magnetic
stirring for 1 min and ultrasonic treatment for 15 min, silybin nanocrystals were
obtained. The ratio of solvent phase to anti-solvent phase is set to 1:4, with 3
parallel groups for each group. The particle size and PDI were measured with a laser

particle size analyzer. The experimental resultsare shown in Table 2.4.

Table 2.4 — Effect of injection rate on the size of nanometer grain

Injection speed The average particle size Polydispersion
(ml - min ) (nm) coefficient
PDI
60 173.74 £ 9.81 0.127
1 395.85 + 18.67 0.395

The experimental results show that when the injection rate of the organic phase
to the anti-solvent phase is increased from 1 mL/min to 60 mL/min, the particle size
of the silybin nanocrystals decreases from 395 nm to 173 nm, and the polydispersity
coefficient decreases from 0.395 to 173 nm. 0.127. This is because a fast injection
speed will lead to high supersaturation, a large number of small-sized crystal nuclei
will be precipitated, so that the particle size of the nanocrystals is smaller, the PDI is
smaller, and the physical stability of the sample is higher. Therefore, the injection

speed is chosen to be 60 ml/min.

2.3.5 Influence of ultrasonic time on particle size

40 mg of silybin was accurately weighed, dissolved in 10 mL of ethanol, and
magnetically stirred at room temperature until it was completely dissolved to obtain
a 4 mL/min ethanol solution of silybin as the solvent phase. Use a syringe with a

microporous filter membrane (0.45um) to absorb 4 mL of the anti-solvent phase
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solution and inject it into a cylinder bottle. Use a microporous filter membrane

(0.45um) syringe to draw 1 mL of silybin ethanol solution, and quickly inject it into
the cylinder bottle containing the anti-solvent phase. After magnetic stirring for 1
min, silybin nanocrystals were obtained by ultrasonic treatment. The ultrasonic
treatment time was set to 5, 10, 15, 20 minutes, and 3 parallel groups were set for
each group. The particle size and PDI were measured with a laser particle size

analyzer, and the experimental results are shown in Figure 2.2.

- 0.6

400 FZ2 particle size
= PDI [
300 -
- H0.4
=
=
g 3
= 200 192 =
= o
e
- 102
-9
100 -
- 0.1
0 0.0

5 10 15 20

Time length of ultrasonication (min)
Figure 2.2 — Time length of ultrasoication

As shown in Figure 2.2, the particle size and dispersion coefficient of
nanocrystals decrease as the ultrasound time increases, when the particle size and
PDI reach the minimum, the ultrasound time is 20 minutes, because ultrasound
treatment can inhibit the growth and aggregation of crystals and reduce the surface
free energy High, improve their physical stability. When the ultrasonic time was
continuously increased to 20 min, the particle size and polydispersity coefficient of
the particles did not decrease significantly. This phenomenon indicates that 20min of
ultrasonic treatment is sufficient to reduce the particle size of nanocrystals and
maintain the stability of the nanocrystal system. Therefore, 20min is selected as the

best ultrasound time for silybin nanocrystals.
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2.3.6 Influence of ultrasonic temperature on particle size

Accurately weigh 40 mg of silybin, dissolve it in 10 mL of ethanol, and stir
magnetically at room temperature until it is completely dissolved to obtain a solvent
phase of 4 mL/min. Use a syringe with a microporous filter membrane (0.45um) to
absorb 4 mL of the anti-solvent phase solution and inject it into a cylinder bottle.
Use a microporous filter membrane (0.45um) syringe to draw 1ml of silybin ethanol
solution, and quickly inject it into the cylinder bottle containing the antisolvent
phase. After magnetic stirring for 1 min, ultrasonic treatment was performed for 20
min. Obtained silybin nanocrystals. The ultrasonic temperature was 4°C, 25°C and
40°C, and 3 parallel groups were set up for each experiment. The particle size and
PDI were measured with a laser particle size analyzer. The experimental results are

shown in Figure 2.3.
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Figure 2.3 — Influence of ultrasonic temperature on particle size

Ultrasonic temperature is also an important parameter that affects the stability
of nanocrystals. As shown in Figure 2.3, when the temperature increased from 4°C

to 25° C and then to 40 ° C, the particle size and polydispersity coefficient of silybin
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nanocrystals gradually increased. It can be seen that at a lower temperature, a

narrower particle size distribution and a smaller particle size can be obtained. The
decrease of ultrasonic temperature reduces the equilibrium solubility of silybin and
increases the supersaturation of silybin. Too high supersaturation will increase the
nucleation rate of silybin nanocrystals and reduce its solubility. Therefore, a lower
ultrasonic treatment temperature can inhibit the aggregation of drug crystals, make
the particle size distribution narrower, and form stable nanocrystals. Based on the
above results, 4 ° C was selected as the ultrasonic temperature of the silybin

nanocrystals.

2.4 Appearance study of silybin nanosuspension
References indicate that the silybin nano-suspension should be milky white
liquid.
Appearance study of silybin nanocrystalline hydrogel
According to the data, the silybin nanocrystalline hydrogel should be milky

white and thick.Figure 2.4 shows the Preparation of silybin nanosuspension.
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Figure 2.4 — Preparation of silybin nanosuspension
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2.5 Preparation of silybin nanocrystalline suspension

(1) Preparation of the organic phase: accurately weigh out silybin with an
electronic balance, weigh 0.2g for the first time, 0.1g for the second time, weigh 20ml
of ethanol solution with a 50mL graduated cylinder, first dissolve 0.2g of silybin
Mix well in 20ml ethanol solution, add a magnet to the beaker where the silybin and
ethanol solution are mixed, seal the beaker with plastic wrap, then stir with a
magnetic stirrer, stir for 2~3 minutes, then weight it for the second time The silybin
taken is added to the mixed solution and stirred until it is completely dissolved. The

organic phase is shown in Figure 2.5.

Figure 2.5 - Organic phase solution

(2) Preparation of the inorganic phase: accurately weigh 0.5¢g
polyvinylpyrrolidone K-30 with an electronic balance, add polyvinylpyrrolidone K-
30 to 300ml ultrapure water, and mix it with polyvinylpyrrolidone K-30 and
ultrapure water Add a magnet to the mixture, seal the beaker with plastic wrap, and

stir with a magnetic stirrer until it is completely dissolved. The inorganic phase
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solution is shown in Figure 2.6.

Figure 2.6 — Inorganic hase solution

(3) Use a syringe to add a 0.45 pm microporous filter membrane to add the
organic phase (mixture of silybin and ethanol solution) to the aqueous phase
(inorganic phase) containing the stabilizer. Add a magnet to the mixed solution of
phase and organic phase, seal it with plastic wrap, stir with a magnetic stirrer for 10
minutes, after stirring, put it in an ultrasonic cleaner for 10 minutes, and circulate

twice. The silybin nanocrystal suspension is shown in Figure 2.7.
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Figure 2.7 - Silybin nanocrystalline suspension

Stability is one of the important indicators for evaluating the quality of
nanosuspensions [22]. Weight the newly prepared silybin nanosuspension, and
measure the particle size of the sample with a photon-related nanoparticle sizer. The
test results indicate With the passage of ultrasound time, silybin nanosuspension
may produce a certain degree of precipitation, the average particle size decreases,
the dispersion index decreases, and the stability is better. Therefore, the prepared
silybin nano-suspension has suitable particle size and relatively uniform
distribution, which meets the preparation requirements. The particle size

distribution of the silybin nanosuspension is shown in Figure 2.8.
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Figure 2.8 — Particle size distribution of silybin nanosuspension

Result analysis: According to the analysis of the particle size distribution
diagram of the silybin nanosuspension, the particle size of 10% silybin
nanosuspension is less than 14.21nm, and the particle size of 50% silybin
nanosuspension is less than 27.02nm, 90% The particle size of the silybin nano-
suspension is less than 51.46nm, and the average particle size of the silybin nano-
suspension is 41.36nm. The dispersion index of the silybin nano-suspension is
0.2848, the particle size is suitable and the distribution is uniform, which meets the
preparation requirements.

After preparing the silybin nano-suspension, the particle size distribution and
stability of the nano-suspension were investigated. Note:

DSlowly filter the sample liquid with the microporous membrane, otherwise
the membrane will be damaged, which will affect the results of the experiment.

@ The filter membrane needs to be replaced every time it is used [23].
@ Before measuring the particle size of the suspension, it is necessary to rinse

the contrast cuvette with distilled water three times and then rinse the contrast



cuvette with the test agent three times.

2.6 Study on silybin nanocrystalline hydrogel

2.6.1 Experimental instruments and experimental drugs

Experimental apparatus

The instrument Model Number
Table top ultrasonic cleaner JP060 (15L) 1
Laboratory ultrapure water unit 1
Electronic balance 400613095095 1
Heated magnetic stirrer 1
Spectrophotometer 1
Measuring cylinder (50ml), pipette,
beaker, sposable sterile syringes (5ml),
tweezers, microporous membrane
(organic) 0.45 pm
Laboratory reagents
Drug Standard
Silymarin FY16070302
PVP K-30 Lot.N0.20121206
H,O Purified
NaHCO; AR
Glycerol AR, 99%
Acrylic acid Polymers
Benzoic acid >=99%
Ethyl 4-hydroxybenzoate AR, 99%



51
2.6.2 Preparation of silybin nanocrystal hydrogel

Measure 40 ml silybin nano-suspension with a graduated cylinder, accurately
weight 0.02g (about 0.05% ~ 0.15%) ethyl paraben, add ethyl paraben into the
silybin nano-suspension. Add magnets, seal with cling film, stir for 10 min, rotate at
3 mot, after it is completely dissolved, first add 2 ml (about 5%) glycerin, then add
0.6g (about 1.5%) carbomer, stir for 10min, then add 0.4g (approximately 1%) of
carbomer, and then let it stand for one night. Finally, adjust the pH value with
sodium bicarbonate solution. The preparation of sodium bicarbonate solution:
accurately weigh 1g (about 2.5%) of sodium bicarbonate, measure 50ml of water,
pour the sodium bicarbonate into the water and mix well to obtain bicarbonate
Sodium solution. While adding sodium bicarbonate solution dropwise, the pH was
measured at the same time. Finally, the pH of the hydrogel was measured to be

about 6, and a total of 5 ml of sodium bicarbonate solution was used.

2.6.3 Appearance inspection
As shown in Figure 2.9, observe the appearance of the silybin nanocrystalline
hydrogel. The sample is viscous, the appearance is crystal clear, the surface is
smooth and moist but has a certain degree of toughness, it is milky white, and the

appearance inspection effect is ideal.
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Figure 2.9 — Stability Invstigation

There are two choices of preservatives for preparing silybin nano-crystalline
hydrogel, one is benzoic acid and the other is ethyl paraben. Benzoic acid is very
irritating. During the experiment, we made them separately Three parts of silybin
nano-crystalline hydrogel were prepared, one part was added with benzoic acid as
preservative, one part was added with ethyl paraben, and the other part was not
added with any preservative. The silybin nano-crystalline hydrogel with benzoic
acid as preservative has many flocs. the silybin nano-crystalline hydrogel with ethyl
paraben as the preservative has a good gel effect. No flocs appeared. Without
adding any preservatives, the effect is worse than adding benzoic acid, but not as
good as adding ethyl paraben. Therefore, the choice of preservative will affect the
stability, and the silybin nano-crystalline hydrogel with ethyl paraben as the
preservative has the most ideal effect.
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2.7 Silybin nanocrystalline hydrogel anti-skin damage

2.7.1 Experimental materials and methods

Healthy nude mice with SPF level 20, weighing 11~13g, silybin nano
hydrogel, ultraviolet radiation meter and skin tester produced by CK company in
Germany.

Twenty nude mice were divided into a blank group and a silybin group.
Silybin hydrogel is applied to the back skin of the silybin group every day until the
coverage is even and the thickness is moderate. The coated nude mice were exposed
to medium-wave ultraviolet radiation. The blank group was not irradiated with
UVB.

2.7.2 Moisture measurement

Moisture measurement: When measuring, press the water measuring probe
vertically on the skin surface of the back of the nude mouse, and press the top of the
probe back for a certain distance. A beep will be heard within 1 second, and the
result will be displayed on the host. Measure 3 times at each site and take the

average value. The results are shown in Table 2.5.

Table 2.5 — Effects of silybin hydrogel on epidermal moisture in nude mice

Group Number Moisture
The blank group 10 35.86+2.41
Silybin formation 10 68.08+3.86

2.7.3 Determination of melanin

MX18 has two measurement parameters, where M is the amount of melanin.
The higher the value, the higher the melanin content in the skin. Attach the
instrument probe vertically to the skin surface of the back of the nude mouse. The

spring in the probe ensures that the pressure of the probe is constant during each
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test. One second after the test, the instrument emits a beep and reads the data

displayed on the screen. The results are shown in Table 2.6.

Table 2.6 — Effects of silybin hydrogel on melanin in nude mouse epidermis

Group Number Melanin
The blank group 10 195.47+8.9
Silybin formation 10 129.98+4.3

2.7.4 Conclusion

The skin moisture and melanin index of silybin hydrogel coated nude mice
were significantly higher than those of the control group. It shows that silybin
hydrogel can effectively prevent skin moisture loss and inhibit the formation of

melanin.

In summary, the silybin hydrogel has a very good effect on protecting the
skin from UVB damage.




55

CONCLUSIONS TO SECTION 2

Using silybin as a model drug, silybin nanocrystalline hydrogel was
successfully prepared. This experimental research is mainly divided into four
parts:

The first part is pre-prescription research. The silybin nano-suspension is a
milky liquid, and the silybin nano-crystalline hydrogel is a milky viscous
substance.

The second part is the preparation of silybin nanocrystal suspension. The
silybin nanocrystal suspension has good stability.

The third part is the preparation of silybin nanocrystalline hydrogel. The
silybin nanocrystalline hydrogel has a stable texture and feels good on the skin.

The fourth part is the research on anti-UVB skin damage of silybin
nanocrystalline hydrogel. The experimental results show that silybin

nanocrystalline hydrogel has good anti-UVB skin damage effect.
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SECTION 3 PROJECT DEVELOPMENT AND SUGGESTIONS

3.1 Current research results

Silybin is an effective traditional Chinese medicine ingredient extracted from the
seed coat of Silybum marianum. It has the functions of scavenging free radicals, anti-
oxidation, anti-fibrosis, anti-tumor, and protecting liver function. It is especially
suitable for the treatment of viral hepatitis. Poisonous and highly effective liver-
protecting drugs, and have a strong inhibitory effect on the proliferation of prostate
cancer, colon cancer, and breast cancer. However, due to poor water solubility, the
current commercially available dosage forms are tablets and capsules with low
bioavailability, which seriously affects the development of clinical efficacy and
severely restricts its application and promotion. Nanocrystalline technology improves
the solubility and dissolution rate of the drug by reducing the particle size of the drug
and increasing the surface area of the drug particle, thereby improving its
bioavailability and drug efficacy in the human body. Nanocrystalline technology can
also improve the patient's tolerance to drugs, reduce the amount of excipients such as
solvents and potential solvents, and avoid adverse reactions caused by excipients.

Silybin, white crystalline powder. No peculiar smell, smell a bit bitter, strong
hygroscopicity. Easily soluble in acetone, ethyl acetate, methanol, ethanol, slightly
soluble in chloroform, almost insoluble in water. Milk thisbin and the main suitable for
the treatment of cirrhosis of the liver, acute and chronic hepatitis, liver poisoning and
other diseases. Silybin is a good medicine for treating liver function and hepatitis. It
has an effective fire prevention effect. Current research shows that silybin has good
biological activities, such as liver protection, anti-tumor, cardiovascular protection,
antibacterial and so on. Studies have shown that silybin can treat some common
problems of ordinary women, such as vaginal ulcers, uterine fibroids, cervical erosion
and so on.

More than 35% of potential drugs are more or less water-soluble, which makes it

difficult for some key potential drug products to enter the market or play a good role as
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a treatment method. Company Elan has cooperated with a few large pharmaceutical

companies. By using nanocrystals, they have successfully developed two new
formulations and put them on the market. Using this technology, the micron-scale
crystals are wet-processed into nanoparticles, and the drug is adsorbed on the surface
of the particles. The stabilizer increases the stability of the nanoparticles and prevents
the crystals from re-aggregating. Rapamycin is an immunosuppressive drug and the
first drug to be marketed using Elan's patented nanocrystal technology. In addition,
nano-suspension is also attracting attention.

Over the years, as a functional and specious biomass matrix material, hydrogel has
unique functions in the fields of medicine, chemical industry, electronics, etc., such as
biocompatibility, strong water absorption and water retention, responsiveness,
adsorption, chemical modification, etc. The environment has a great range of
appreciation and great application value. According to different synthetic materials,
hydrogels can be divided into two types: natural hydrogels and synthetic hydrogels.
According to the different initiation systems, there are three methods for the preparation
of cellulose hydrogels: radiation initiation, chemical initiation and ionized initiation.

The main content of this research: pre-prescription research, research and
preparation of silybin nanocrystal hydrogel, research the chemical properties of silybin

nanocrystal suspension, including morphology and particle size analysis.

3.2 Storage of silybin nanocrystals

The nanocrystals prepared by milk thistle are prepared in the liquid phase by
solvent precipitation, which is convenient for long-distance transportation and long-
term storage. The liquid phase nanocrystals are prone to austenite aging phenomenon,
which leads to the aggregation and precipitation of nanoparticles. In order to further
improving milk thistle for the physical stability of silybin nanocrystals, it is a
necessary method to convert silybin nanocrystals into solid preparation. At present,
there are many drying methods, such as vacuum freeze drying, spray drying,

supercritical drying, etc., but for heat-sensitive drugs and oxidizable drugs, vacuum
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freeze drying is the best choice.

The vacuum freeze-drying method is a method in which liquid materials are first
frozen into a solid state, water is sublimated under low temperature and reduced
pressure conditions, and a solid powder is directly formed by dehydration under low
temperature conditions. This method is used for the drying of drug nanocrystals, which
can avoid the decomposition and deterioration of heat-sensitive drugs and the oxidation
of easily oxidizable drugs, and is beneficial to the transportation and storage of the
drugs. The dried medicine will be in a loose and porous state without changing the
original skeleton structure. The same volume of water for injection can quickly dissolve
and form a suspended state.

The phase change of the nano-suspension during the freeze-drying process will
affect the particle size and stability of the drug. In the process of dehydration, the
drugs are under the pressure of drying, and the structure of the drugs can destroy. In
order to avoid these problems, a freeze-drying protective agent is added to the drug
nanocrystals before freeze-drying to prevent freezing stress and drying pressure from
affecting the stability and structure of the drug. Common freeze-dried protective agents
are sugars, such as trehalose, lactose, glucose, sucrose, and mannitol.

There are three main evaluation methods for freeze-dried products:

(M Appearance: complete appearance, smooth surface, no shrinkage or collapse,
no obvious change in volume before and after freeze-drying.

@ Color: No spots, uniform color, it can form powder when lightly touched.

@ Re-dispersion: It is better to add the freeze-dried product to the original
volume of ultrapure water, and it is better to quickly return to the suspended state with
slight vibration.

Description of evaluation methods for freeze-dried products is as follows. Add
5% trehalose to prepare silybin nanocrystals. Mannitol, lactose and glucose are
freeze-dried protective agents. 2ml lactose and glucose are respectively absorbed
into a bottle and freeze-dried. The appearance, color and redispersibility of the
freeze-dried products were used as evaluation indicators, and each indicator was

evaluated by a 10-point scoring method. The final results are the sum of the three
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indexes. The screening procedure of freeze-dried protective agents helps to select

the best agent. The higher the score, the better the effect of the freeze-dried
protective agent.

The results show that the freeze-dried product prepared with mannitol as the
freeze-dried protective agent has smooth appearance, loose texture, no spots, and
good redispersibility. The freeze-dried products of the other three freeze-dried
protective agents are incomplete and poor in redispersibility. Therefore, mannitol was

selected as the freeze-dried protective agent of silybin nanocrystals.

3.3 Production status of silybin

Antibiotics have brought huge benefits to people's health, but with the
widespread use of antibiotics, bacterial resistance has become increasingly serious,
posing a huge threat to human health. The emergence of drug-resistant bacteria has
brought severe challenges to clinical anti-infective treatment, especially multiple
resistant bacteria (Multiple Resistant Bacteria, MDR). Extensively drug-resistant
bacteria [53] and pan-resistant bacteria-FDR. Multidrug-resistant infections can cause
high mortality, prolong hospitalization, increase medical costs, increase the risk of
adverse antibiotic reactions, and become a source of transmission. The World Health
Organization has issued a report warning that drug-resistant bacteria are spreading
around the world. In the United States, at least 23,000 people die from drug-resistant
infections each year. In Europe, 175,000 people die each year in the field of multi-
drug resistance [54]. In China, the detection rate of multi-drug resistant bacteria is
very low, but some types are increasing. Faced with such a serious problem of
bacterial resistance, the world is entering a "post-antibiotic era." From the 1970s to
the mid-1990s, researchers used the structural modification strategies of known drugs
to synthesize tens of thousands of new compounds and developed a variety of new

and more distinctive antibacterial drugs.
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However, in recent decades, the number of new antibacterial drugs approved for

marketing is decreasing. 16 new antibacterial drugs were approved for use in the market
from 1983 to 1987[55], but only 3 new antibacterial drugs were approved from 2008 to
2012, and the remaining structures were modified from existing anti-inflammatory
drugs, and no drug network has a good network. The antibacterial activity and
resistance to Gram-negative bacteria. Therefore, the speed of antimicrobial research and
development is not balanced with the speed of bacterial resistance, with the former
lagging far behind the latter. Since the 1950s [56],searching for high-efficiency and
low-toxicity antibiotics from natural medicines has attracted the attention of medical
workers at home and abroad, especially the research on Chinese medicine, because of
its advantages, it is not easy to produce drug resistance, and its adverse reactions are low.
It can also reverse bacteria and has a good application prospect in clinical antibacterial
therapy. Flavonoids have anti-bacterial, anti-viral, anti-tumor, anti-oxidant,
anti-cardio-cerebrovascular diseases, anti-radiation and other activities, and are
currently a hot spot in medical research. Silymarin, the seed coat extract of silymarin, is
a flavonoid compound consisting of 9 kinds of paclitaxel, paclitaxel derivatives,
silymarin, silymarin, silymarin a, silymarin B, isosilymarin A, isosilymarin B, silymarin
A, isosilymarin B, etc. The main active ingredients are silymarin, isosilymarin,
silymarin and silymarin. Among them, silybin has the highest content, which is 50% ~
70% [57-61]. At present, through extensive research on the pharmacological and
physiological activities of silybin, it has been proved that it can be used in the
treatment of alcoholic liver injury, fatty liver, viral hepatitis, toxic liver injury, and
tumors, and can improve learning memory, movement disorders, etc.

In recent years, the antibacterial activity of silybin has received more and more
attention, but there are few reports on the antibacterial activity of silybin at home and
abroad. Providing a scientific basis for the research and development of new
antibacterial drugs is of practical significance for slowing down the world's entry into
the "post-antibiotic era" and alleviating the global bacterial resistance and shortage of
antibacterial drugs.

At present, more than 40% of new chemical entities and lead compounds
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through computer-aided drug design and large-scale screening are unsatisfactory

properties of water-insoluble compounds in biopharmaceuticals, which not only
increases the difficulty and investment in new drug development, but also brings
greater development risks [62]. In 1990, the German Muller R.H. proposed the
amorphous state in order to improve the insolubility of drugs. At present, dozens of
drugs that rely on amorphous technology have been approved for marketing, with
annual global sales exceeding US$ 6 billion.

Nanocrystals, also known as nanosuspensions, are a new type of nano-drug
delivery system composed of insoluble drugs and appropriate stabilizers. They are a
common strategy to improve the efficacy of biopharmaceutical classification
system class Il (BCSI) [60-63] drug candidates. Studies have proved that
nanocrystalline technology is an important way to achieve insoluble drug delivery.
Nanocrystals have the characteristics of improving the bioavailability of drugs,
increasing the dosage of drugs and improving the efficacy of drugs. However, due
to the physical stability of nanocrystals and the choice of dosage form, the wide
application of nanocrystals in the research and development of new drugs is
hindered. The application of nanocrystals in pharmaceutical preparations is affected
by their thermodynamic and kinetic instability. The curing process of nanocrystals
is immature and it is difficult to meet the quality requirements of physical stability
of nanocrystals. The choice of stabilizers is mainly based on the "trial and error
method" [64], and there is a lack of understanding of the prescription screening
system rules such as the type and dosage of stabilizers [65]. In addition, because
nanocrystals are different from traditional nanocarriers in drug delivery systems,
their modification and controllability are weak, resulting in uncontrollable drug
delivery processes after drug administration [66].

At present, the screening of antibacterial drugs from Chinese herbal medicine
has gradually attracted the attention of scholars at home and abroad [67-69]. Studies
have confirmed that flavonoids, volatile oils, alkaloids, organic acids, female
quinones and some metabolites of Chinese medicine are the main antibacterial

active ingredients. Chinese medicine or a combination of Chinese and Western
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medicine can achieve better curative effects. The development and development of

new antibacterial drugs is one of the keys to alleviating the global bacterial
resistance and shortage of antibacterial drugs. In recent years, Chinese herbal
medicine has become the focus of antibacterial drug research and development due
to its wide range of sources, low price, low toxicity, and drug resistance. In this
study, natural herbal extracts and isomers extracted from milk thistle were selected,
and the most common clinical infections were Staphylococcus aureus and
Staphylococcus epidermidis, Enterococcus faecalis, Enterococcus faecalis,
Escherichia coli and Pseudomonas aeruginosa. As an experimental fungus, the
antibacterial activity of Soy Milk Thistle was studied by the micro broth dilution
method. Determine the best antibacterial curve of silybin on common clinical
infection bacteria, and the combined effect of silybin and common clinical
antibiotics. The purpose is to provide a scientific basis for the research and
development of new antibacterial drugs [70-73]. Existing research results show that
the antibacterial mechanism of drugs is mainly to inhibit the synthesis and
metabolism of protein and genetic material by destroying the structure of bacteria
[74-77]. In addition, it also includes the effects on respiratory metabolism,
oxidation in growth metabolism, and some metabolic enzyme activities [78]. In
order to study its antibacterial mechanism, with Staphylococcus epidermidis as the
object, the effect of the drug on the permeability of bacterial cell membrane and the
synthesis of protein and nucleic acid was systematically studied [79]. DNA
topoisomerase activity and biofilm structure. The cell membrane is located on the
inside of the bacterial cell wall. Under normal circumstances, it plays an important
role in maintaining the stable metabolism of cells. When it is destroyed, it can
weaken the ability of selective transmission, resulting in the release of
macromolecules such as proteins, nucleic acids or intracellular ions (such as
potassium ions, calcium ions). Therefore, changes in the concentration of
extracellular protein, nucleic acid, or conductivity can be used as indicators for
judging the degree of cell membrane damage. In this study, the effect of silybin on

bacterial membrane was studied by measuring the extracellular protein
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concentration of silybin [80-82]. The results showed that there was no significant

difference in the extracellular protein concentration between the control group and
the experimental group (P>0.05), indicating that silybin did not cause intracellular
protein leakage after acting on bacterial cells, indicating that silybin. The
antibacterial effect is achieved through other targets, rather than destroying the
structure and integrity of the bacterial cell membrane. This is consistent with

LeeR7's discovery that silybin and silymarin do not affect bacterial cell membranes.

3.4 Antibiotic development of silybin

The abuse of antibiotics has made the problem of bacterial resistance and drug
residues in food increasingly serious, and it is urgent to find new antibacterial
drugs. Natural medicines have small side effects and are not easy to produce drug
resistance. They play an important role in the prevention and treatment of modern
infectious diseases. The extraction of the active ingredients of natural medicines has
laid a foundation for the study of antibacterial effects, and provided a foundation for
exploring the antibacterial mechanism of the effective ingredients and the research
and development of new antibacterial drugs. Flavonoids are secondary metabolites
widely present in polyphenols and have strong antibacterial activity [83]. Silybin is
a flavonoid compound. According to literature reports and preliminary research
results in our laboratory, silybin has antibacterial activity against Gram-positive
cocci, especially Staphylococcus epidermidis [84].

When the cell membrane is damaged, large molecules or ions (such as K+,
Ca+) such as proteins and nucleic acids are released. Changes in the concentration
of extracellular protein, nucleic acid, or conductivity can be used as indicators for
judging the degree of cell membrane damage. The results of this experiment showed
that silybin did not cause protein leakage in bacterial cells after acting on
Staphylococcus epidermidis, indicating that silybin did not affect the integrity of
the bacterial cell membrane and its antibacterial target was not the cell membrane.

This is consistent with the results of Professor Li's research. However, it has been
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reported that silymarin, which has an elution rate of 60% ethanol, has a destructive

effect on the structure of bacteria.

The physiological metabolism of bacteria requires a variety of proteins to work
together. When the synthesis or expression of genetic material is affected, it will
cause protein abnormalities, impaired cell function, and even death. The results
show that silybin can significantly inhibit the expression of soluble protein of
Staphylococcus epidermidis, and the decrease in protein expression is more obvious
with the increase of drug concentration. It is speculated that silybin may affect the
nucleic acid synthesis of Staphylococcus epidermidis or the expression of related
genes, resulting in the decrease of bacterial protein content. The effect of silybin on
bacterial nucleic acid synthesis in this experiment confirmed this conclusion.
However, specific gene expression suppression needs to be further studied.

4,6-diamidine-2-phenylindole (DAPI) is a blue fluorescent dye that can
penetrate cell membranes. When combined with DNA or RNA, it can produce
fluorescence that is more than 20 times stronger than DAPI. It is widely used in
nucleic acid detection. The results showed that the number of bacteria in the DNA

and RNA treatments IMIC (50 p g/ml) and 2MIC (100 wug/ml) was

significantly lower than the control group, indicating that silybin can
significantly inhibit the synthesis of bacterial DNA and RNA and enhance the
inhibitory effect as the concentration of the drug increases. It may be that silybin
inhibits a key enzyme in nucleic acid synthesis. However, its specific inhibitory
mechanism needs to be further explored [85-86].

DNA topoisomerase catalyzes the break and excitation of DNA strands during
DNA replication, transcription and recombination, thereby controlling the
topological state of DNA. Topoisomerase | catalyzes instantaneous DNA single-
strand disconnection and connection: Topoisomerase Il can simultaneously
disconnect and connect double-stranded DNA, but usually requires the participation
of ATP. Flavonoids can inhibit and destroy mammalian topoisomerase | and ii, soy
isoflavones and luteolin can inhibit tumor cell topoisomerase activity. The

experimental results show that soy milk thistle has an inhibitory effect on
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topoisomerase| and |l activities of grape squash. This affects the replication and

transcription of DNA.

Bacterial biofilm is a growth mode corresponding to plankton formed by
bacteria adhering to the surface of the carrier during the growth process. It is
composed of bacteria and an extracellular polymeric matrix produced by the
bacteria themselves. Bacterial biofilm not only helps bacteria adapt to different
environments and is not easy to remove, but also significantly enhances the
resistance of bacteria. Staphylococcus epidermidis (Staphylococcus epidermidis) is
the main pathogenic hormone of Staphylococcus epidermidis, which can form a
biofilm on the surface of biological materials left in the body. The formation of
epidermal biofilm is a complex and orderly dynamic process, including adhesion
stage (Oh~12h), aggregation stage (12h~36h), maturity stage (36h~72h) and
shedding stage (>72h). (atle, icaa, AAP, etc.) regulation. The results show that
IMBIC (200g/mL) and 2MBIC (400ug/mL) silybin have inhibitory effects on the
adhesion, aggregation and further growth of biofilms in the mature stage of
Staphylococcus epidermidis. It can inhibit (or kill) bacteria in the biofilm, destroy
the structure of the biofilm, and increase its effect as the drug concentration
increases [87-99]. These results provide a new way to treat Staphylococcus
epidermidis biofilm-related infections. However, the destruction mechanism of
silybin on the epidermal biofilm and its killing effect on the bacteria in the biofilm

remains to be further studied.
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CONCLUSIONS TO SECTION 3

At present, silymarin is mainly extracted from silymarin, purified and
chemically modified into various medicaments. In recent years, the planting area
and extractive industries abroad have gradually decreased. Some pharmaceutical
companies have begun to directly import silymarin from developing countries such
as China, and then resell it for profit after deep processing. My country is a big
exporter of silymarin, but the total content of silymarin can only reach about 70%-
80%, which is a crude product. The purification of silymarin is difficult to reach the
standard. In recent years, with the development of technology, new methods such as
CO, supercritical extraction and ultrasonic extraction have been introduced into
industrial production.

In recent years, studies on flavonoids have shown that they have obvious
antioxidant, anti-inflammatory, anti-ulcer, and antibacterial effects, and are widely
used in medicine, food and other industries. The antibacterial research of flavonoids
Is mostly to test their antibacterial ability. Studies have shown that most flavonoids
have varying degrees of inhibitory effects on Escherichia coli, Staphylococcus
aureus and Bacillus subtilis, but their inhibitory effects on yeasts and other fungi
are weak. The inhibitory effect on gram-positive bacteria is stronger than that of
gram-negative bacteria. The effects of different solvents on the extraction of
flavonoids from spring flowering branches and their in vitro antibacterial activities
were studied. After the flavonoids extracted from leaf powder were purified by
macroporous resin, they had inhibitory effects on the 6 tested bacteria, but the
differences were quite large. The flavonoid glycosides extracted from mulberry
seeds by supercritical extraction method have inhibitory effects on bacteria and
various bacteria, and the inhibitory effect on bacteria is stronger than that on molds.
The results show that flavonoids have no inhibitory effect on Bacillus subtilis and
Proteus, but have inhibitory effects on Escherichia coli and Staphylococcus aureus.

Medicinal plant is a special economic plant, and its main feature is that the

plant contains a variety of biologically active substances, which are used in medical
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prevention and treatment. Therefore, it is the material basis of Chinese medicine,

such as Mongolian medicine to treat diseases, and it is also used in the
pharmaceutical industry. Important raw materials play a special role in food,
brewing, health care products, cosmetics and other industries. With the widespread
application of Chinese medicine worldwide, the rapid development of the domestic
Chinese medicine industry and the continuous expansion of the application field of
medicinal plants, research on the extraction of medicinal plants at home and abroad

Is also increasing year by year.
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CONCLUSION

In this study, silybin was used as a model drug to successfully prepare silybin
nanocrystalline hydrogels. The preparation process and quality evaluation of
silybin nanocrystalline hydrogel were studied, and the UVB skin damage was
studied. This article is mainly divided into three parts.

The first part is the pre-prescription research, mainly on silybin, nanocrystals,
hydrogels, stabilizers, skin properties, UVB properties and so on.

The second part is the experimental part, which is mainly divided into the
preparation of silybin nano-suspension, the preparation of silybin nanocrystalline
hydrogel, and the research of silybin nanocrystalline hydrogel on UVB skin
damage. The average particle size of the silybin nanosuspension is 41.36nm, and
the dispersion index is 0.2848. The particle size of the 10% silybin nanosuspension
is less than 14.21nm, 50% is less than 27.02nm, and 90% is less than 51.46nm. In
the preparation process of silybin nanocrystalline hydrogel, a hydrogel product
with strong stability and refreshing skin feel is obtained. Finally, in nude mice
experiments, it is proved that silybin nanocrystalline hydrogel has obvious
protective effect on UVB-induced skin damage.

The third part is the development prospect of silybin nanocrystalline hydrogel.
Nanosuspension has many advantages that traditional formulations do not have.
Further preparation of nano-suspension can expand the stability of the suspension
and has good biocompatibility.

This article studies the preparation technology of silybin nanocrystals, but the in vivo

pharmacokinetic study of silybin nanocrystals needs further study by the research group.
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