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An injectable smart gel and the fabricating method thereof is provided. By
adding a polymer electrolyte or a basic structural stabilizer, and a diluted
solution in a modified chitosan, while the chitosan solution adjusted to neutral
pH value that closing to the body. The chitosan solution flows at low
temperatures to form a chitosan sol, and is solidified at body temperatures to
form a chitosan gel. Therefore, the injectable smart gel is obtained. The
injectable smart gel is not only injectable, meanwhile, is used as a magnetic
nanoparticles capsule with drug molecules for drug delivery gel. By applying the
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external magnetic field, the electric field, ultrasonic waves or the other method
with non-contact forces, the capsule rupture is controlled to release drugs to the
injectable smart gel for long-acting and multi-stages drug delivery. The present
invention is highly valuable in the biomedical engineering.
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ABEAGAEMP —HEARRBRALRG &> HHRB-LERN

A4  FITHEALRFRRATHREAMBER DRI EHB BT ES
MESRBRAEUHB I E -

CAIE TP
— AR HES B (Pl BURBR) RAEH R AR LE —RIR

# EERRBREZTFHZIAAYDAE  MABIRE TG RLAHR
THEE (FRE) MARE > EXRAFELARY  TEAEAHAR@MU
BEEEME AN ARGBITR -

BTEBRANARTE EATREGEEEERRELTATEY
BREE - Bt FER UATEBRARTNADEAHHEBRERZE
APFEME  EAFHHF SO EL - ARM GRETRERETHIENK
RN E £ pHARGEPHAFRT ek MIEMREEKE 249
BLmA LB LRE - BATVHMNES ML TREEABYRBOH
R EAHHRAEOATREMH  HHAEE-FFURA  L8%
TS BRER > LRAR 0 BIRHHEP M RES TR KM
B Hp ] SLIE ] o
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BEAUALGRAE > ARANEEBNENRB BT EH RS ERE
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BRAZRIEGCENRNIGEY S FEBK R TERIPSEBRITS
HANHE AL L0 F AR KB
AERG S —BHENRE—BTERR S ERBRALUHF > 4
HMAEw AR ERBI 55 TERR  EREAOATEBAMRTAS
REH BT REBER > 8% > NAvASSETFRERBEME S REEA Bz
%Tﬁ%&@’%éﬂ?i%%’iﬁ%éﬁﬁ%%%%ﬂﬁ%*%ﬁ’
TR AR X g sh 3R et ~ B - BERMBRITEH AEN RN B
@ TR RETIRFEHSHBMEN  HNBALLE LEKBR Y RA
,}i °
BEUALZBE) AEARB B TIEANEERB2 UGB I £
THROY  ARBEHRKM IR KARLETZ 0.1-10% (wiv) ¢ T
BB R A 420CRIB T N T REEER T v 0.1-10%(wiv)
BRI B AR X BIR 80-99.5% (wiv) th#BiEk » RAE pHE > EHAR
BRI A TREEE €4 TER#EBZ2E KD A E 30-40C 8
@ FHABRIATRERSD.
AR AR ARG TEf My S0 L pHEGAEE R A
1% > ﬂé%iﬁ&ﬁié& MFE|TESZ M TAMRBERTARASKEZS
TREEE > BECOARNERATAGKEZ S TEERE - HT 40
FERBEAL THLOBEOBHRLOBRA Ehuashs kB g
HEUAFBRE NS A RSN ARATRESENBERZ LA L - ik
b TERMEBRBAELAGM IR TRENARA > BT AHERT -
REARERADERAMTHIREG_RGE - Bib» N A BT -
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BHER - AFEAMEARETREA AN -

B ABFRLRES —RTESBRTERBZIUGS 'k ESRE
A ARMSEGBKERRBIKRELEZ 0.1-10% (wv) & T REEE
o RN BT REEERR T A 0.1-10%( w/v )eg & o F B A& & 80-99.5%
(WIV) 9 F88R > RAE pHE  BHARBPHZRTREBES  #E
T REEZOR P Ao AS5EE T (Ca™') RARBMMIER P RERZIAT
REEEE o BHEMARGTESNNE BRE DA AN UERT K88/ %
BEBRARIBHMARBOKRE R EEFTELN  AHTE-F
HBEWMO A RBELES R ERA A RGFRHATRAMN
BATBWBER  RTHRZBANAB TR - EHERK AZHELMERAR -

AEHAFAG B BURESHEAE— PO LA E XH
@A T

[E#%5 ]
H4BE 1B GEFATRARBITEISHSERBZH G X

Z MR -

B2 4o 5 B S1000 R 4148 B K M ALK R M e F 2 0.1-10%( wiv)
BB TRERR - AR RERA LS T E A 5S0kDa~250kDa ~ % T 81t
95 %z B THRENRK > LG HBETRRKERE ~ AR 2-12 kR4

Z B EFiEAT R KM c AP R ESE TS A —RTE - — R T8 ~

I

RO~ —RTEE s R R— IR — R BRETT Z4o B TELE &
CELAT - MUL@UE XA TREERALA & EM (negative charge zeta

potential ) ~ £ )RR B 44 (self-assemble) ) RILAZAES -
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R o BB S200 0 £ 4-20°CAREBT » A& T REEER T AvA 0.1-10%

(Wiv) #yigtt 4% 2 B (basic structural stabilizer) » B 4o o] £ & 2 % 5
Bl &k F % (genipin) ~ B-H b R4 BN - 5588 £ 4% (NaHCO;) K w2
RF 22— b Sy BTREERZER > ThRE AR BENRE
Préa k> BP 80-99.5% (Wiv) ey M RBER F i A 1-20%5 A 45 8] (iR ) -
IR G o By = F A58 (DMSO) ~ .8 (alcohol )~ 2 =8 (glycol) #,
#i4 (glycerin) «

® W LG ¢ pHEAYZE SO MKE » BT H3 8 ARMYS pH
BTG BB > BRBEMA £ 4200805 > Tirsits
REZAAHTREKREZ AT RSB (sol) Mg a2 M @k
RTREZEGKEDAE 30-40CHEABREBS  BFZRARTAGR
B (BR) 2B TRezgs (gel)-

A& HFRE 2B REAARARAMRBLS TS A SR

B2 HEh bz haE -

® 4% B S100 2. 4% > %%Tﬁi@%m&%a}\ 0.1-10% (wiv) th & % F &
Bk BloTABRESRSE  oFB 300 LESH)FERRLEA A ER
BREATHMAE BT EMETHEET S8 TERBERLIER T/
AREEBEETR - AT HY > B TRBERZER > ThRiARH
MR > B 80-99.5% (WIV) ey IBIIR P hun 1-20%84 4 4 72 8]
(4R i 3AT B4 4 = F & 5 58( DMSO )~ 7, 8( alcohol )~ Z = &% ( glycol )
b (glycerin) o REBATHELH) » 48 pHEWEEZE SO E » BpT 43
PARARY pHEZ TSRS ERB - hof > TEMRE S RB LR TH
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Bk B2 AT REEEE - MERTIELZHMN -

BRIk P S400 0 ERNATREERT mASET (Ca¥) RHEA
BEMER  BTHRBEABNGHUAARTRAGKE (BKR) ZRTReER
B (gel)e

UTF#aRARFATERARSERBZ UG EZZART KM

Y ARBBKRMEE T YA THEE (Amphiphilic Chitosan » CHC)
R LS BRES

1. £ 1000ml =38 B & #8 P & A 20g % T J & (chitosan) > A 200ml

£ %83 (Isopropano) #§# 30min » 2 RIFHERK
2. R4 > B E 54840 5Sml 133N 89 & A1b4n (NaOH) &R @ FheA
10 % 50ml -

3,384 30 24874 0 M 100g RLEHB S BEEH AL SEZ AN TP
AERTRAREBLALERT DB -

4. s E 60°C - RIE 4 /1 odts > Ui RBEHFXKEAY U
K FEE (BME1:9) e 24 @RERE

SBE -NOCHBENME 1 X EMBEEREFTEZINO-AT
£ % T 88 (N O-carboxymethyl chitosan » NOCC) #yK » &7
& o

6. B 4g NOCC # 250ml R AEHR ¥ > Ao 100ml &K % 245 47 —
£ o

7. fa A S0ml FEERAOH % 0 BioA 2.8ml & T8 EF (hexanoyl

anhydride) R /& 24 /\&F o
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8. RIE XY BERIAZMMILE » LAKILTEE (1:4) EH— K% >
BULEEN AR ERBERET -
O. M AEMKEHRN 0CTFRE—KR > AWARHAELTRENK
(6C)
Rt WHETESRESRE AR E (a) R £ T % (CHC)
BB R (b) CHC/ig ket BB ey F o
(a) CHC 88 - REBI AR B-H b R dtsney s T & pH 416
ERE I AETEMAMEERBATH  SER A S AMM pH A 74 K
Mo @ B-H b AR ERSN A B SR (FOH) TR & T REET & 84248 T2t
BBebis o Bob o B-H i R RN R4 F & (genipin) X 4eH > £RET
TERFAKRAMETRES ) FEITRME A TERRB AL KZRY
BRETAEGRAKRSFEAN  SRBEBLEBEFRN > TERHEMASKER
BRTHEFRFODIENRY - ARETHRAL T ¢
1. B 0.5-3 g CHC # K& M7 100 ml 8 F -k (DI-water) - &
Bk 4 #8775 % ( phosphate buffer solution » PBS) 45 4 & 8
(simulated body fluid * SBF) & » ®# % 0.5-3% (wiv) #
CHC & -
2. 42 CHC & F Ao N4 (glycerol ) » # #5554 A 0-10% (w/iv)
b 89 CHC 383
3.AACT £ CE#4Fey 10ml CHC/H B R ¥ o 0.1-1g 84
B-+ iy A &4 45 (P-glycerophasphate ) » M5 A& &4 1-10%

(wiv) B-#sb A aisdney CHC/H i iEsk o pH 1449 % 5|
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6.5-7.4 o st CHC/H#ib/B-H b A ididne) REBERAEMKE
(4-20°C) TR A THhEEB (sol) EREAS (30-40C)
GHBRAT ARG RB (gel)-
(b) CHC/#8 8 BB - ARBIHBRALT ¢

1. B 2-4g ¢4 3 8 4n (sodium alginate) 4 %] A2 100ml #4 4k K
q: °

2. B 2g &4 CHC s R EAZ% 100ml ghshk P » E#5 2% (wiv)
#) CHC &% -

3. B 10ml 2%¢#4 CHC & #%& v 100ul pH=11 &5 NaOH ;&% » 4%
CHC %% pH i # % & (pH=8.5) -

4. 7 %) B 10ml 2% ~ 3% ~ 4% H B ARIEHR © de A lml Hid o

5.CHC % Bk TIA S tef] (11~ 1:2) RARBR -

6. B F A AGSEET (Ca™") RFARBM IR TR A AR
TREZ BB o

ELATEHNMEERBEUERAL  TE-—FLEEBA B TH
mEg M & kB & (nanocapsule) » T HA AL~ E - BE R EB|TIEH 8
MIBKR Z 458 o AT oA Lifi CHC BB A mitA L 5 5% -

Bh BHERMBME ALY BRREELAEE - AW AETLERTAR
BHEN R TR P B B MILE & 48 69 = £ F Se(dichloromethane )
B R BKAR G R LB (Polyvinyl Alcohol ) KBRRE - RLMEE A —1E
NEEER - AL EIRE 180 £18 » AR KGR KL - BN

9 Z 57 §4% (tetraethoxysilane » TEOS ) » B £ B L » &4 ALk ey &K
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PALR — AR KO RA L BN BB THERA AT TR o B4k
BRA-RALE ~ FRENMBR-BI-FRERRIE » ML CNEER
LB RUHBEZ RO L BORBENERBE LREEHY 50~200 &%
(nm) o 845 F T A4 84 (anti-cancer drugs) ~ % fk (peptides) %%
&% (proteins) o
Rk ahfEORMERE  BEUB T RS ELBER S oA
RTREER T > MRS AERS (4-20C) 3% pH 1 - A RIGEK
@ IHTATHRMERThERAMBY M TEHNRE BREHARY
MEE > BN 3TCHTHRREGEBYEREE  SREAARAMRTH
EIfEB 2 B¢ BTH A IMatsgiE bl 2 kB EEREYE Tk
HEEBRB Y BHAERB PHE G ABER i%é'l’-'ﬂ“é‘*ﬁi'ri#ﬁ%déﬁﬁ
B 2L B A REHAR L o
BE CAFAHATRETIANMSERBOEYBEREN  EXEA
ARROGER » BB BB UEAGYROFT R > REF|EH B
@ BAMYE KUBMEASBER > ATRYT 0 BEQREHRMEE
#) L3Rk (ethosuximide, ESM) 4.\ T84 - 4 b B4 5 F LEN 4K
B R B B2 P ey id 48 = £ F 42 (dichloromethane ) 42 » LA 4] F 7k 48
REHbiasg  BEYONRIHMER TN Bt BE i
ZBRRITRAES M RTINS TEDOBRET R L XRBEWT
AHENERTRTRUARGRE  RACERES  RPLmE
BRYE KA 258nm » REEHABR TR 2 ml TS ERBEEN

mlégsEd BENSml XBFRYFHETTR R3S 4L
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RREGHE O REARSTRGERA TS  LEMBREBERALT
M RM R R T B BR ARG R o F 3 BT BT IES
M BRBTUESA— BRI BRI ARG THLRY
BN FRAEZTEIHABSERB Y AOTEHNRTERB PERE
Hoo BLARET » TRANSHERMR S HF @A

GA AL RBAZAMUEBZITENANEERE  RTAEATESR
Mz RTRBLEHHARKY  AARGART RERE Z RAFHHF
KM b RFAATERARE BRB P hoANSEEZT LB E AR
HEMZER BRTTREERTREHS FRAINARGERT ETH
B IR A 3R ~ B - BERAMNBRERNCEN R ED YT
BITRFEREBEAXGENER - AEAZEHFETAERERR EH
ML BTEBOMR Y RTFES C LARNES - ENES MBEHY
FRIE -

sboh > TEHBEERBA AR BM AT TRENARAN > L TAEY
G SHMTAEEAMBRNE D B RRRNFIEHEERRE  ELRE
RAMBERAGHERAREG —REF > HNABILE - BMHER 25
HAMEBEF A -

BAAGFHUMNMZ THABE L REEEAURERER - £
ARBEAFAZEHFEEN - AL EHEMMH B AEFAZEFR
HEE - MNARAMRELRERBFL LML T FRARE -

[BAHERA]
¥ 1 RARSAMRBZTESARSERB 2 UBF EZAEE -
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F2BAREAMRBZLS —HTIANSERB 2 UG Frziam -
F 3 BARNEAPTRAZ TS M4 BB A RS B 695635 4T B8
B I-T 5 FARAE RS R 0 HARA 401 F 42t (KHz) w3538 8 F k47
R B (on-off) Z &Kk AKX -

EX-FREFE RED
& o
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+ -~ FHEHLE
. —#TEsMFEERBIUHET % AFBaS
Rt — @ h PR RBBAKREE Y 2 0.1-10%(w/iv) 9 &% T REEAR
VY, 3

£ 420C 2B T > WA T REER P oA 0.1-10% (w/v) eyt &
#5425 B (basic structural stabilizer) & 80-99.5% (w/v) e@m%;g;& :
RFEpH MBS 5~9 > EHWAR— B PHZ BT REER (sol) FHA
THEBEBZEE B&E DA £ 30-40°C o Pk — Bk 2 8 T B d%
B (gel)-

2. WwHFEFNREL | AAEZITEMREERBZUBEF £ L P
¥ pH {E2HBP > BaShAKKKIGBAZRAOMELED > B3
mEAH—F A EH (DMSO) ~ ZE (alcohol) ~ T —&% (glycol) -+ ik
(glycerin)

3. W HEAKEE | AARZ TERES SRB2 UG £ PR
MR T B AIL%EFE (genipin) ~ B-H b R BEEE 40 - 32 BL B 40
(NaHCO;) &f@mb gz — -

4 WP FEABEE 1 B2 TEMMEERBZ UG £ V34
THREEERMG B £S5 FEA S0kDa~250kDa ~ & L 81L 95 %2 4 T H i
o R AR -

5. ¥ FEANBEAL | AAEZTENMSERBZI UG X Av 34
THREBERGUAS CHBRBETRAKMAE SR CHBBEA— AT -

ZRLUE - ZRCE - —IRLEE s IR LEER IR —RTEE -
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6. WwHFFEANRLER | AL TSNS ERB 2 UB T 5 L Pus
TREBERGE AR 2-12 R R 2 B BT -ATHUKM G » B SBE14 2
B BT 2, O 8L & -

7. P FEARE S 1 Bz Tl ERE 2 U85k b
RARTRBEBZ RS > ROASRSSTREER— KA By
Feyu gt 2 kB & (nanocapsule) &4 2 % 8% -

8 ¥ HEAREE 7THAMEZ TSN T B RBZ UG H ik £

® BHRRRBEHASACBIBCLRLENN T LATBCIBE
t (coating) — sk » M RGA R R FRE > S oths BAL
B RUHBEZECER T8y FAAHE %Y (anti-cancer
drugs) ~ % Bk (peptides) & & & (proteins) o

9. WwHFFAKEE 7THABZTEAHBTERB 2 VEFE £ &2
MERRBRZ A48 50-200 &% (nm) -

10.—RTEANERRE  AAROYHEANERE | Amiz Fkmy

@ -
N—-ETERNEERBI UG I : ESBas
RAYE— B HFRE IR ARERET Z 0.1-10%(wW/v) 9 % T BB E%R ;
NERTREBERT A 0.1-10% (W) 9& > FERRE 80-99.5%
(wiv) e#RRiER - RAEPH A 5~9 > BHR—h T2 B TR
B (sol); MR

PR T REERT AT (Ca™) RFARBMER > WK — B
RZETRERE (gel)-
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R4 FHEFEEE N Fmbi2TERAREERBI BT A L PHF
T ERRGHRERE -

BiodFEAaEE 1l BalzTESEY BRBZIREN & L T3%A
% pH E2H8 Y » EOSWAKSIAKBEBZIREGNELER > Bi%
hia s —F A ZHE (DMSO) - Z& (alcohol) ~ 7 —#% (glycol) &#ik
(glycerin) »

4P EAREAE | Bz TiEMSs 8B qG 5 Ly ai
TEREARAGES>FES S0kDa~250kDa ~ % LEiL 95%Z % T R &
fr RATE AR o

154093 A EEE 11 B2 TiERHE ERBZ UG5 L P4
THREBERGUAS CHBETRAMREY  BZAHBRBA AT -
RO ZRLE - —RLE - ZIRTLHR—IR— AT -

16. P EARE S 1 BAAARZTERAREERBIHEF K £ FHA
TREERGUARE 2-12 R REZEEBFEITHRMHYE » BEBEALT
R &Y 3, TR AT -

17409 HEHHBEF 1 FBAEZTENMSERB X /G h % B ¥ HEb
RELTREEBZSHEL  RASRBZATREEZBP—RA RS
Feyrs st 2 B & (nanocapsule) RAZ $8E -

184w ¥ FEAEEE 17T HAMEZTELN M T ERB U B L ¥ ¥t
FHEERBEAUSEABIBCLEREY YT BABR SRR
Lt (coating) —4h#% » BB B XFHRE > BB OEAAL

BARLHHZHOLEH SR THAHEEY (anti-cancer
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drugs) ~ %Ak (peptides) %& &% (proteins) -
19 ¥ EHHEEE 17T HPAEZ THERMEERB 2 UGB Lo us
MHER KB EZ HEH 50-200 2% (nm) -
20— RTEHAMEIRB AGEOPHEANRBA L 1 @k Fikmd
{% o
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