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Notice

This translation is machine-generated. It cannot be guaranteed that it is intelligible, accurate,
complete, reliable or fit for specific purposes. Critical decisions, such as commercially relevant

or financial decisions, should not be based on machine-translation output.

DESCRIPTION CN102766267A

A method for preparing chitosan hydrogel containing magnetic nanoparticles
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— IS A AR F BB R R RIB & 7575

[0001]

Technical Field

ARG

[0002]

This invention relates to gel preparation techniques for chitosan and its derivatives, as well as
techniques for preparing composite gels of chitosan and its derivatives containing magnetic

nanoparticles.
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KNRFS NERERETTEYRRREIERA, URE BERRKUFRNRRERETTEYNE SR

AR E R A,

[0003]

Background Technology

BFRERA

[0004]

Chitosan is obtained from chitin, which is widely found in nature, through deacetylation. Its
chemical name is polyglucosamine (1-4)-2-amino-3-D-glucose, and its molecular formula is as

follows:
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=EHME (chitosan) BHBAR ZHEENILT R (chitin) 2IBRIERIERFEIR, KFRTAHR

AERERE (1-4)-2-2&-B-DEEHE, 7FUT:

[0006]

It is tasteless, odorless, and non-toxic.

HEk. TR, L&,

Chitosan macromolecules contain active hydroxyl and amino groups, which have strong
chemical reactivity. Under specific conditions, chitosan can undergo chemical reactions such
as hydrolysis, alkylation, acylation, carboxymethylation, sulfonation, nitration, halogenation,
oxidation, reduction, condensation, and complexation, which can generate various chitosan

derivatives with different properties and good water retention and chemical stability.
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RERADFREZANVEZE NRE, ENREERENLFRNET], EHENFRGET, =ERMEEE
REKEE. B, BEA. RPENK. B, B H. 3. 8. TR, BENBEFUER

Rz, FIERE MABAREMENTREITEY), BERRFIFRKENL FREM.

By studying the antibacterial activity, antioxidant properties, and electrolyte adsorption
capacity of chitosan and its derivatives, we can apply them to various fields such as daily life

and medicine.

BIMARRTRENRETEYNREENE, mEk1E, BERKRKEESD, NATFEENEFZFSFMR.

Especially in the medical field, chitosan and its derivatives have been widely used as
microscopic medical materials, such as drug sustained-release matrix, hemostatic agents,

and basic materials for artificial tissues and organs.

LHEE 73, REERETEVMEZFEARUETMEM&T 2 €8, MBEAYMERER,

L5, AEBLMBENE MHFE,

[0007]
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Glutaraldehyde (GA), with the molecular formula <img file="BDA00001917874900021.TIF"
he="143" img-content="drawing" img-format="tif" inline="yes" orientation="portrait" wi="
393" />, has two aldehyde groups on its monomer. It acts on the sulfhydryl, hydroxyl, carboxyl,
and amino groups of bacterial proteins, causing them to alkylate, resulting in protein

coagulation and bacterial death, thus killing microorganisms.

KB (GA) , HFIH <img file="BDA00001917874900021.TIF" he="143" img-content="
drawing" img-format="tif" inline="yes" orientation="portrait" wi="393"/> g {k tHH2 N E&
2, (FETREAZANGERE. 28, RENSE, ol 2REN, sIEEaRAEERARIETIE

BIM A EYIRIR R IER.

Therefore, glutaraldehyde, as a highly efficient disinfectant, is widely used in sterilization and

disinfection, and has the characteristics of broad spectrum, high efficiency and low toxicity.

b, R—EFASIUESH, ®OZNABTAE MHES, BAM & 8 RENER.
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Although it has some irritant effect on organisms, at the concentration used, the irritation is

low, the corrosiveness is low, and it can be considered safe and low in toxicity.

BAEMNEYRE —ERRIEE, BEERARET, REME N BRiER. 7 UANR2RS,

Itis also a good cross-linking agent for chemical cross-linking reactions. However, it has the
characteristics of low corrosivity to metals, minimal impact from organic matter, and good

stability.

MERUFRER VA RIFRE, B, ¥ BEMREN AW BRELFFRR.

[0008]

Polyethylene glycol, also known as a-hydro-w-hydroxy (oxy-1,2-ethylenedimethyl) polymer,

is a type of polyethylene oxide (PEO-LS).
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RZTEXZo-F-w-7E(E-1,2-2”"8)NEEY. B L& (PEO-LS).

It is a general term for ethylene glycol polymers with an average molecular weight of about
200 to at least 6000. The properties also differ depending on the average molecular weight.
Colorless and odorless viscous liquid to waxy solid. It is soluble in water, ethanol, and many
other organic solvents. Low vapor pressure. It is thermally stable. It does not react with many
chemicals, does not hydrolyze, and does not deteriorate. It is non-toxic and causes no

significant irritation to the eyes and skin.

BTN FEELI200E V6000092 — BEERYINER. BETHDFENRE, tRtEE
o LTBEERMPARGEERE R, BFK. JEMTFZSEME AT, FSER. WHRIEE.

S5FZHFmANEER, K, FAER. TF, WNREMRKTHERE.

[0009]

Formaldehyde is a colorless gas with a strong, pungent odor.
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REE—TEE, BRIURIHESEKE X,

Itis readily soluble in water, alcohol, and ether. Formaldehyde is gaseous at room
temperature and usually appears in the form of an aqueous solution. Formaldehyde is readily
soluble in water and ethanol; a 35-40% aqueous solution of formaldehyde is called formalin.
Formaldehyde is an important organic raw material, mainly used in the plastics industry,

synthetic fiber industry, leather industry, pharmaceuticals, dyes, etc.

ATk, BN, PFEEEERTESS, BELUKAREALM. 2 ATKkNZE, 35~40%
HREKARUEERIM, Pl 2 —MEENENEN, TERTEHII. SdHE. RET

CINNES SN X

[0010]

Magnetic nanoparticles are groups of atoms or molecules composed of a small number of

atoms or molecules, with particle sizes ranging from 1 to 100 nm. The distinguishing feature of
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nanoparticles from bulk structures is their shell structure. Since the surface layer constitutes a
large proportion of the particle, and the surface atoms are non-crystalline layers lacking both
long-range and short-range order, the actual state of the particle surface layer can be
considered closer to a gaseous state. At the core of the particle, there are well-crystallized,
periodically arranged atoms, although their structure differs slightly from that of bulk
samples. This special structural type of nanoparticle results in four effects: surface effect,
volume effect, quantum size effect, and macroscopic quantum tunneling effect, leading to
many unique properties: exotic mechanics, electrical, magnetic, thermal, optical, and

chemical activity.

BRI FBRAARNF BB B RIVNRFHD F AR FEE D F8, BRI R/IVEL

100nmzig], ZKKFXF|FARBELIIF R PRRFRAERRESE 8, ATRFHRERSREKX
Ll MxERFRELKE F,XTREFNIEERE, TN FREREN SRR SEZEST,
MITERLFBY OB 1245 R i AHHG R [RF, A Z HEM S 4K RS R E, PR KLF R XM
HERENEWFH T cAENAEARAREMNY. FR 8N, EFRIBNNANEFRERLN,

HAELF=EHIT SHHRERTFFNE. BF. WMF. AT AFEMLEE 1S

Due to their unique paramagnetic properties, magnetic nanoparticles have broad application

prospects in giant magnetoresistance, magnetic liquids and magnetic recording, soft
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magnets, permanent magnets, magnetocooling, giant magnetoresistance materials, magneto-

optical devices, and magnetic detectors.

B TR F BA BASTREVIME T, AT B B, BT REMEICR. L. KEL. BE

R BEHAME SR IR CaR . RS A EERT ERNNAR o

[0011]

Hydrogels are high-molecular cross-linked network structures containing hydrophilic and

hydrophobic groups, with water as the dispersion medium.

IRBUR LUK ADEN R, &FKERANMGKERRNGS 7 FEXMELE,

As a highly absorbent and water-retaining material, hydrogels are widely used in various

fields, including cosmetics (face masks, fever-reducing patches, analgesic patches), food

(preservatives, thickeners), and medical (drug carriers).
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ERA—HMERKERKAME, KGERE T ZRTEMMErmPrER. BARG. JEk, Uk

Ba T PryREST. 1BIEF, ETFPRaYHEES.

[0012]

In burn treatment, the patient's plastic surgery and postoperative rehabilitation are key

aspects of the treatment process.

EiRaT R, MANBLMAGHNREREZEET S 2HHIXHE,

In the process of rehabilitation and scar treatment, elastic fabrics and plastic masks are
widely used for compression therapy. Because human faces are complex and vary in height,

even compression therapy cannot achieve ideal results.
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TERENRRAITHERES, NZERRARYNEREER, UEBTEH#HITAT. BT AR

B, 5RF—, MEXRNEETAEREISERNER.

[0013]

Summary of the Invention

RBPAAR

[0014]

In order to overcome the shortcomings of the prior art, the purpose of this invention is to

provide a chitosan derivative hydrogel containing magnetic nanoparticles.
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AT RRMERANTRE, FEBHENETRE—M SHIEHRNFRIRRETEYKER.

[0015]

Another objective of this invention is to provide a method for preparing chitosan derivative

hydrogels containing magnetic nanoparticles.

KFEPERNS — 1 BNETRHE—FSHIEPR AR RRETTEYRRBHIE 7%,

[0016]

To achieve the above objectives, the technical solution provided by the presentinvention is

as follows:
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ANTRPERER, NEPBRUEIRALGZRNT:

[0017]

A method for preparing chitosan hydrogel containing magnetic nanoparticles includes the

following steps:

— SRR FRRREKRRIGIE A, 85 UTIE:

[0018]

(1) Dissolve chitosan powder in 0.5%-5% acetic acid solution, stir mechanically until clear,
and prepare a chitosan solution of 0.002%-1% (i.e., 0.002-1g chitosan dissolved in 100ml

acetic acid solution) for later use.
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(1), RRREEHRABT0.5%-5%ZEARF, VM HEEESE, BHIA0.002%-1% (B10.002-

1gRRIEAT 100m [BESARICRNFTRIERR) NERIERR, &/

[0019]

(2) Take 5-10 mL of the mixture from step (1) and add 200 pL-1500 pL of magnetic

nanoparticle dispersion with aniron content of 1.2 g/ml-1.4 g/ml;

(2). BT B(1BVRERS-10mL, RIS EN 1.2g/ml-1.4g/mIBEEAKNF 53 BUR200uL-

1500uL;

[0020]
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(3) Add 200uL-1000uL of crosslinking agent and react at room temperature for 2h-36h to

produce a Schiff reaction and generate chitosan hydrogel containing magnetic nanoparticles.

(3)« AMNAZEXF200uL-1000uL, =R TFRR2h-36h, REFRRR, EHRESHEEMNRRFIITER

FEIKRRRR ;

[0021]

The magnetic nanoparticles are polyacrylic acid-coated iron oxide nanoparticles with an

average particle size of 10nm-20nm.

PRRBYEAIE AARKL F BRAKER A BN W =5KK AIF, FIPRIEH10nm-20nm;

[0022]
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The crosslinking agent is a mixture of 1wt%-25wt% glutaraldehyde or 0.05g-0.6g

polyethylene glycol and formaldehyde (36wt%-40wt% stock solution).

FriR B S BRI  1Wt%-25wt% Rk —EE s & B 2 B2 0.05g-0.6gF1FHEE  (36Wt%-40wWt%RKR) B9

B.A5
/e 3 /1520

The molecular weights (Mw) of polyethylene glycol are 10K and 20K, respectively.

RZZEBSFEMwWIFIH10K520K,

[0023]

Principle Explanation: Chitosan's molecular chain contains positively charged amino groups,
while the surface of polyacrylic acid-coated iron oxide nanoparticles contains a large number

of negatively charged carboxyl groups. The two undergo electrostatic adsorption. Then,
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glutaraldehyde, a crosslinking agent, is added to react with chitosan through a Schiff reaction,
directly obtaining a hydrogel containing nanoparticles. Alternatively, formaldehyde is first
added to react with chitosan through a Schiff reaction, forming C=N double bonds. Then,
polyethylene glycol is added to react with the resulting Schiff base through an addition
reaction, obtaining a chitosan hydrogel containing nanoparticles. This hydrogel is brown,

transparent, and has no obvious internal precipitation or aggregation.

[RGB REBNS FELSETEENSE, MR AKREBNNSU=Z3MRNFRESE
REFRBNRE, MELLEFERN, ZARMAREKTIX_BES=RE SREFRRN, KEKE
BRRFEMRRAFHIKEER; HE AMNRBESTRERERERRN, FZRC=NRIE, A &
ABZZESFRERREMAEMMRRE, RESHARN FRTREKER, SR8, BH, RET

ek T =

[0024]

Chitosan can be directly reacted with crosslinking agents glutaraldehyde or a mixture of

formaldehyde and polyethylene glycol to prepare hydrogels. However, due to the use of
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acetic acid as a solvent, the product has a certain yellow color and properties similar to silica

gel. It has a high degree of crosslinking and a high shear modulus, but it is brittle.

RERAERSRBEAIX _BEXRESRIBEES RRNGF[ARK, BRTRAIRES

R, EYEE—E WEE, HRSEREMN, THERA, HEYEEds, BR%,

[0025]

Attached Figure Description

P ] 15 BF

[0026]
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Figure 1. Electron micrograph of the chitosan hydrogel containing magnetic nanoparticles

obtained in Example 1.

E 15551 LIRS R SRR F R BRI R E,

The freeze-dried chitosan gel is porous.

FTEHNRERERRZEZ I,

[0027]

Figure 2. Electron micrograph of the chitosan hydrogel containing magnetic nanoparticles

obtained in Example 3.

B2 525 3IR1S R B HEIE A KA FRIR RAEOR IR B BRERE,
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Similarly, when observed under a 100 um scale, compared with Example 1, as the amount of
glutaraldehyde used increased, the degree of cross-linking increased, and the porosity of the

lyophilized chitosan gel increased.

EFETEL100umBIFFR ISR, SERfI1MALeER, FEEX_BEEREMEM, REXEEKX, TERE

ARRAVAT SEFLRRERIE R,

[0028]

Detailed Implementation

BiALER

[0029]
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Polyacrylic acid-coated iron oxide nanoparticles were purchased from Beijing Deco Island
Gold Technology Co., Ltd. (average particle size 10nm-20nm); chitosan was purchased from
Sinopharm Group (1. degree of deacetylation 80%-95%, molecular weight 590K-600K; 2.

degree of deacetylation >95%, molecular weight 280K-310K).

RAGREENNEC=H®MKNFEE FILRER BEREERAE (FYREN10nm-
20nm) ; FEENE BAEHR (1. RIEEEN80%-95%, 5 FEZ590K-600K; 2. BRZELE

>95%,53 FE280K-310K) -

[0030]

Example 1

SEhEf)1
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[0031]

A method for preparing chitosan hydrogel containing magnetic nanoparticles:

— S HE AR F R R RN HI & 774!

[0032]

(1) Dissolve 0.29g of chitosan powder in 30mL of 1% acetic acid solution, stir mechanically for

3h until clear, and then let stand for 3h to remove bubbles.

(1) | $50.29gRREMRBTI0ML 1% ZEART, HMBiH3WZEEES, ZEFH#E3NGE

i
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And filter;

FidE;

[0033]

(2) Add 500 pL of dispersion containing Fe<sub>3</sub>0<sub>4</sub> nanoparticles
(average particle size of 10nm-14nm) (iron content of 1.285mg/mL) to the mixture obtained in

step (1), and shake for 1 hour.

(2) . MFE (1) FFBIMESREMAS00uLEFe<sub>3</sub>0<sub>4</sub> K FH

DEUR(FIIRIEA10NmM-14nm) (BXEEH 1.285mg/mL) , BEH1h;

[0034]
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(3) Place the mixture obtained in step (2) in a 40°C water bath, add 500 uL of 1%
glutaraldehyde solution dropwise, and mechanically stir or shake for 3 hours to obtain a

brown transparent hydrogel.

(3) « BIE (2) FAREINEESRETA0°CKA, MHE RZREREM1%NEZEA®RILS00uL, FH

HELAN AR FHE0E 73h, BIAIRGIREBRSEEK R,

[0035]

Example 2

K2
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[0036]

The difference from Example 1 is that the degree of deacetylation of the chitosan powder

used in step one is >95%.

SIEHIIRRZ R ET 5B — RS M B ZBE>95%,

[0037]

Example 3

SKHE5I3

[0038]
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The difference from Example 1 is that in step 3, 200 pL of 25% glutaraldehyde solution is
added dropwise and mechanically shaken for 10 min to obtain a brownish-black transparent

hydrogel.

S5REFIIAREZ AT T EIFEM25%RIX —BA R 200uL, HELNMEZ10min, BIEIIRE

IRBREAVBEEAK £
[0039]

The chitosan hydrogel prepared in Example 3 of this invention is used as an auxiliary pressure
material in the burn treatment mask. According to the requirements of rehabilitation
treatment, the scar area generally needs to maintain a compressive stress of at least 18
mmHg, i.e. 2400 Pa. The glutaraldehyde cross-linked chitosan gel obtained in Example 3 can
withstand a pressure of more than 2500 Pa as a stress-providing material. If the degree of

cross-linking is further increased, the load can continue to increase.
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KA R PRSI 3HIE R RRERRIEA GRS TEETRREIENME, RIERERITIE
K, —Kx RELEDHBRIFL8MmEME, B12400ParIERI S, SCHE FI3RSK ZBERRBMNFERE

RRIFANDREMFL, 88 ffr2500Pall ERIET], MRE—TREZEKE, HED ISR EFH

This allows the mask to fit the face better, further enhancing the effect of pressure therapy.

REEEAERME AR, EEFE—TMRE /7587 ER.

The addition of magnetic nanoparticles can not only enhance the mechanical properties of
the gel, but also cause local segregation under the influence of an external magnetic field,

resulting in a controllable local enhancement effect.

BRI FRINNN, BRREREZISRICARR DA ERERVIER, BEETEINGIARISIRT, KERT

MRE, ERIrTRFERIERAIM R,

Finally, the compressive deformation state of the hydrogel is fed back into the manufacturing

of the facial mold.
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&a, RIEKER WREFERS, RETERENHIS,

[0040]

Example 4

SEhtEf4

[0041]

The difference from Example 1 is thatin step 2, 1000 uL of Fe<sub>3</sub>0<sub>4<

/sub>magnetic nanoparticles are added; a brownish-black transparent hydrogel is obtained.
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5LhEf 1R Rz M EFHE2INN1000uL & Fe<sub>3</sub>0<sub>4</sub> KK F; FR1Z

IRRBIERRNKER.

[0042]

Example 5

SIS

[0043]

The difference from Example 1 is that in step 2, 1500L of an aqueous solution containing

Fe<sub>3</sub>0<sub>4</sub> magnetic nanoparticles is added to obtain a brownish-black
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transparent hydrogel. At this point, the brown color is darker than that in Example 3, but there

iS no aggregation or precipitation.

53551 T RZ AEF S BE2MN1500LAIA & Fe<sub>3</sub>0<sub>4</sub> BEE 48K FHY

KBER, RERRERBANER, LLAHE ESLMH3, ReER, EXTRHRIE,

[0044]

Example 6

SEhtEf16

[0045]
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The difference from Example 4 is that in step 3, 0.2g of polyethylene glycol (PEG) with an
average molecular weight of 10k is added, mechanically shaken for more than 1 hour until no
precipitation occurs, and then 0.3mL of formaldehyde standard solution (36wt%-40wt%) is

added to obtain a brown, transparent chitosan composite hydrogel.

S5KEfAREZAET, ETEIFMAFIYDFE NIOKHNERZZE (PEG) 0.2g, H#ZE71h
UEELIRE, BMANOIMLIREIER (36wt%-40wt%) , BIRIRGIRE. FHENSERES

BIKERL

[0046]

Example 7

SEhEf T
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[0047]

The difference from Example 6 is that in step 3, 0.4g of polyethylene glycol M<sub>n<

/sub>=20K was added to obtain a brownish-black transparent hydrogel.

S5%hafl6e AR ZAEFTFZE3IF, MA0.4gHRZZ EEM<sub>n</sub>=20K, RiFI=zEBRIZEHA

TKOEEBL

[0048]

The materials used in Examples 8-10 are shown in Table 1:

SEhE518- LOFF R A FHNR 1R
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[0049]

Table1

*x1
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