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MO PAU
Tinh cép thiét caa luan an:

Thuong tat do chin thwong dang & muc cao chua ting thiy
trén toan cau, 1a nguyén nhan ding hang thir 4 gay tr vong & moi do
tudi (6%). Tuy nhién, vai thap Ky qua ciing ching kién nhiing tién bo
vugt bac trong linh vuc cham séc suc khoe xuwong khap [1]. Hién
nay, vét liéu y sinh dang dwoc chd trong phat trién dé dan thay thé
cho nhitng vat liéu truyén thong ding trong cay ghép nhu kim loai,
hop kim,... do nhirng vat liéu nay c6 tinh chét co 1y khéac biét nhiéu
s0 Voi xuong. Ky thuat mo xuong (bone tissue engineering — BTE)
thiét ké cac khung nen cO cau tric tuong ty nhu khung cAu tric cua
xuong nhu khung nén hydrogel. Hydrogel dugc cau tao tir cac chudi
polymer wa nudc ¢6 cau trdc ba chiéu, ¢ thé cung cap moi truong
dinh dudng phu hop cho sy phét trién cua té bao noi sinh do c6 thé
bat chudc chat nén ngoai bao (ECM) tu nhién cua xwong. Tuy nhién,
ban chat mém déo caa hydrogel khién nd khong thich hop cho cac
truong hop can do bén co hoc cao. Do do, viéc thiét ké vat liu
hydrogel téng hop c6 cac wu diém cua hydrogel va cac vat liéu phuy,
c6 thé nang cao tinh ning co hoc cua hydrogel ma khong anh huéng
dén cac dic tinh c6 loi cia ching. Cac nha khoa hoc da huéng téi
nghién ctru vat lidu ciy ghép tai tao trén co s cac vat liéu hydrogel
composite chira biphasic calcium phosphate (BCP), vi BCP c6 tinh
tuong hgp sinh hoc, hoat tinh sinh hoc cao va kha nang chira lanh
xuong do thanh phin twong tuw thanh phan khoang trong xuong.
Ngoai ra, BCP c6 kha ning hoa tan tir tir trong co thé dé giai phong
ion Ca?* va PO,% c6 loi trong viéc hinh thanh va phat trién té bao
xuong. Tuy nhién, BCP ¢ dang bot véi kich thudc hat I6n, khé c6 thé
cung cip khoang cho xuong [2].

Dya vao nhimg wu diém cua khung nén hydrogel, két hop
Vv6i kha ning cung cap ion Ca®* va PO,* d hinh thanh khoang
xuong tir c&C hat nano BCP, dé tai “Nghién ciru diéu ché in situ
hydrogel composite trén nén gelatine va
chitosan/alginate/chondroitin sulfate dinh hudng trong tai tao
xuong” duoc lya chon dé nghién ctu.

Muc tiéu nghién ciu caa luan an:

Nghién ctiu tong hop vat ligu méi trén nén gelatine voi

polysaccharide (chitosan, alginate, chondroitin sulfate) két hop voi



cac hat nano biphasic calcium phostphate dé tao ra vat liéu c6 kha
nang twong hop sinh hoc, kich thich sy phét trién xwong, co thoi gian
suy giam pht hop vai thoi gian xwong phat trién dé c6 thé tng dung
trong linh vyc téi tao xwong
B cuc caa luan an: luan an gdm phan M dau, két luan, kién nghi
va 3 chuong (Chuong 1: Tong quan, Chuong 2: Nghién ctru, Chuong
3: Két qua va bién luan). Luan an c6 6 bang s6 liéu, 53 hinh vé va da
¢6 3 cong trinh ¢6 lién quan duoc cong bd. Phan phy luc bao gébm 13
hinh v& va bang sb liéu. )

CHUONG 1: TONG QUAN
1.1. Xwong va diéu tri cac van dé lién quan dén xwong

Xuong 13 nhitng bo phan rin bén trong tao thanh mét bo khung
viing chéc ¢6 nhiém vu nang d&, bao vé, van dong, tao huyét va Ia 1a
kho du trit chat khoang (calci va phospho) ma khi cin co thé c6 thé
huy dong lay ra [3].

Hién nay, cac phuong phap phd bién diéu tri cac van dé lién
quan dén xwong la dung vat liéu va thiét bi ¢6 dinh xuong gay (titan,
hop kim titan, thép khdng gi, vat liéu composite goc polymer,
bioceramic,...); ghép xuwong (ghép xwong ty than, ghép xwong dong
loai, ghép xuong di loai,...). M6t s6 vt lidu nhu ceramic, kim loai,
polymer, hydrogel,... ciing c6 thé duoc dung dé lam vat ligu thay thé
trong cy ghép xuong [9,10].

1.2. Hydrogel

Hydrogel la polymer cé c4u tric mang ludi khdng gian c6 nhiéu
tinh chat quan trong nhu kha ning hap thu nuéc cao, kha ning giam
cap sinh hoc va kha ning twong thich sinh hoc. CAu tric va thanh
phan cua hydrogel c6 thé duoc bién ddi tly theo vat liéu ban dau hay
quy trinh tong hop. Do dé, hydrogel 1a nguyén liéu tiém ning trong
linh vyc vat liéu y sinh.

Hydrogel c6 thé dugc didu ché tir cac polymer tu nhién (gelatin,
chitosan, chondroitin sulfate,...), tdng hop hoac ban tong hop [20].
Cac polymer ty nhién thuong c6 kha nang tuwong thich sinh hoc va
kha nang phan hiy sinh hoc tot, va hau hét déu hoa tan trong nuéc.
Hau hét ching la thanh phan ty nhién cua chat nén ngoai bao (ECM),
bé mat than nudc cho phép cac té bao dé dang bam dinh, ting sinh va
phan hoa. Hydrogel c6 thé tong hop bang lién két ngang vat ly (gel
hoa vat ly) hoic bang lién két ngang hoéa hoc (gel héa héa hoc).



Trong do, phuong phap Horseradish peroxidase (HRP) duoc sur dung
gan day trong tong hop in situ nhiéu loai hydrogel.
1.3. Hydrogel composite

Vit liéu composite 1a vat liéu tong hop tir hai hay nhiéu vt liéu
khéac nhau tao 1én vat liéu méi két hop duoc cac tinh ning cta nhiing
vat liéu ban dau. Viéc tong hop cac hydrogel composite két hop dugc
cac dac tinh tét cia mang polymer va céc vat lidu phu c6 thé nang
cao tinh co hoc cua hydrogel ma khong lam anh huong dén céc tinh
chat c6 loi caa ching.

Vit liéu hydrogel composite dan tao xuong 1a cac vat liéu ma
dic tinh hoa ly cua né cé thé kich thich su phat trién cua té bao va
huéng dan qua trinh lanh xuong. Trong cac chat don thuong dwoc sir
dung dé tao hydrogel composites, BCP dugc quan tdm nghién ctru do
BCP anh hudng tét dén qué trinh tai tao xwong hon HAp hoic B-TCP
don 1¢. BCP ¢6 tdc d6 tan phd hop vai thoi gian téi tao cia xwong va
c6 kha nang kich thich tao xuong.
1.4.Nhirng nghién ciru truéc day

Trong nuwéc: Nam 2011, Nhém nghién ctru ciia Tran Ngoc
Quyén da diéu ché dugc gel hinh thanh tai chd cua dan xuat chitosan
la rutin-tyramine-chitosan-PEG duéi du hién dién cia enzyme
horseradish peroxidase (HRP) va hydrogen peroxide (H20,) va ap
dung cho diéu tri vét thuong & da [2]. Nam 2014, Nguyen va céc
cong su da tong hop hydrogel composite Hyaluronic acid (HyA)-
Gelatin (Gel)/biphasic calcium phosphate (BCP) ung dung trong tai
tao xwong. Nam 2015, Nguyén Thi Phuong, Vién Khoa hoc Vat ligu
va Ung dung da tién hanh nghién ctu tong hop vat liéu mai trong
cay ghép va tai tao xuong trén co s¢ hydrogel composit sinh hoc
gom biphasic calcium phosphate va polymer sinh hoc (gelatin,
chitosan) tng dung trong tai tao xuong [3].
Ngoai nuéc: Mot sé cong trinh nghién ciru ngoai nuéc:

- Barbani va cong su (2012) vat liu composite trén co so
Hydroxyapatite/gelatin/gellan dung trong linh vuc tai tao xwong
Hunter va cong su (2013) danh gia sy phat trlen va biét hoa té bao
géc xwong ngudi trong didu kién nudi cidy (in vitro) cua
hydroxyapatite, chitosan, gelatin trong téi tao xuong

- Pasqui va cong su  (2014) nghién cau carboxylmethyl
cellulose/Hap composite ttng dung lam vat liéu cho xuong



- Derakhshan voi cac cong su (2015) da diéu ché hydrogel dua
trén chondroitin sulfate két hop vai hydroappatite

- Bhisham cung cac cong su (2019) da phat trién hé hydrogel
chitosan va chondroitin sulfate két hop vai thay tinh sinh hoc voi
kich thudc nano nham khac phuc nhitng khuyét diém vé tinh co ly va
thiéu su 6n dinh trong cau tric caa chitosan

CHUONG 2: NGHIEN CUU
2.1. N§i dung nghién ciru

- Téng hop vat liéu: didu ché va khao sét cac dic tinh cua cac hat
khoang nano BCP.

- Téng hop va danh gia ciu trdc, hinh thai caa cac hydrogel va
hydrogel nanocomposite gelatin-tyramin (GTA).

- Téng hop va danh gia ciu tric, hinh théi cua cac hydrogel va
hydrogel nanocomposite chitosan 4-hydroxyphenylacetic acid
(CHPA).

- Téng hop va danh gia ciu trdc, hinh thai caa cac hydrogel va
hydrogel nanocomposite alginate-tyramin (ATA).

- Téng hop va danh gia ciu tric, hinh théi cua cac hydrogel va
hydrogel composite chondroitin sulfate-tyramin (CDTA).

- Nghién ctu tong hop va xac dinh cac tinh chat cua hydrogel va
hydrogel nanocomposite trén nén GTA véi tirng loai vat liéu CHPA,
ATA, CDTA véi céac ti 1€ khac nhau.

- Panh gid kha nang tao khodng cua hydrogel va hydrogel
nanocomposite trén nén GTA vdi ting loai vat liéu CHPA, ATA,
CDTA vai céc ti 1€ khac nhau.

- So séanh giam cip, tuong hop sinh hoc va khoang héa cua 3 nén
hydrogel.nanocomposite.

2.2. Phwong phap nghién ciru

- Téng hop BCP bing phuong phép siéu &m véi ti 16 Ca/P: 1.57
va pH = 7. Sir dung phuong phép phan tich XRD dé xéac dinh thanh
phan, cau tric. Phuong phap SEM dé xac dinh hinh thai, kich thudc
céac hat khoang BCP.

- Téng hop cac hydrogel GTA, CHPA, ATA, CDTA bing
phuong phép pha tron dung enzyme HRP va H202

- Xac dinh ham lugng cua TA trong hydrogel GTA, ATA, CDTA
vbang phuong phap UV-Vis.



- Téng hop céc hydrogel nanocomposite GTA/BCP, CHPA-
GTA/BCP, GTA-ATA/BCP, GTA-CDTA/BCP bing phuong phap
pha tron dung enzyme HRP va H202.

- Cau trdc san pham duogc xéac dinh bang phuong phap pho cong
huong tir hat nhan 1H-NMR va quang phd hong ngoai bién doi FT-
IR.

- Khao sat hinh thai caa hydrogel va hydrogel nanocomposite
bang may FESEM

- Khao sat thoi gian gel héa cua hydrogel va hydrogel
nanocomposite dén khi tao thanh mét khéi gel dong dac va khi déc
nguoc vt liéu khdng chay xubng trong 1 phat

- Khao sat khdi luong suy giam cua hydrogel va hydrogel
nanocomposite trong méi truong gia sinh hoc (dung dich PBS chuira
enzyme collagenase)

- Dbanh gid kha niang khoang héa cua hydrogel va hydrogel
nanocomposite bang phuwong phap do EDS

- Panh gia doc tinh té bao trén vat liéu hydrogel nanocomposite

CHUONG 3: KET QUA VA BIEN LUAN

3.1. Két qua téng hep BCP
Phan tich ciu tric pha cua BCP bang phuong phap nhidu xa XRD
cho thiy véi ti 1é mol Ca/P = 1,57 tai pH = 7 thi BCP (B-TCP va
HAp) da dugc tong hop thanh céng. Két qua hinh théi cua BCP sau
khi téng hop duoc quan sat bang SEM cho thiy san pham c6 kich
thudc nano, kich thudc céc hat tuong dbi dong déu va nam trong
khoang 60-100 nm.
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Hinh 0.1. Gian do XRD ciia BCP véi ti Hinh 0.2. Hinh SEM
lé moI’Ca/P =1,57 taipH=7 cua BCP
3.2.Két qua tong hgp GTA



- Pho 'H-NMR cua GTA trong D,O va két qua pho FTIR cuia
Gelatin, Tyramine va GTA chung to GTA da dugc tong hgp thanh
cong.
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- Két qua do do hap thu A cua TA va GTA thu duoc bang UV-
Vis (A = 275 nm) cho thay lugng H,0, t6i thiéu can phan ang voi TA
trong 10 mg GTA dé tao gel 1a 0,014% trong dung dich GTA 10%
(khéng cao hon 0,25% vi s& gay doc ddi véi té bao)

3.3. Két qua tong hop CHPA
3.3.1. X&c dinh céu triic cdc sin phim

- Phd 'H-NMR cua CHPA trong D,O va két qua phd FTIR cua

CHPA chitng to CHPA da duoc tong hop thanh cong.
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Hinh 0.6. Phé 'H-NMR CHPA Hinh0.7. Phé FTIR

trong D,O CHPA

- Két qua do d6 hap thu A cua HPA va CHPA thu duoc bang UV-
Vis (A = 275 nm) cho thay lugng H.0; tdi thiéu can phan ung véi
HPA trong 10 mg CHPA dé tao gel la 0,046% trong dung dich
CHPA 5% (khong cao hon 0,25% vi s& gay doc dbi véi té bao)




3.3.2. Két qua khdo sdt cdc tinh chit ciia hydrogel va hydrogel
nanocomposite CHPA-GTA/BCP

Thoi gian gel hoa

- Két qua cho thay, thoi gian gel hoa cia hydrogel GTA bién
thién kha lon. Khi tang nong do HzO: tr den 0,05%, qua trinh hinh
thanh gel tang twong tng voi thoi gian tao gel giam. Véi nong do
H,O, tir 0,05 dén 0,07% qua trinh hinh thanh gel cham dan tuong
tng voi thoi gian gel hoa tang. Thoi gian tao gel cua hydrogel
nanocomposite khéng thay doi nhieu so véi hydrogel.
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Hinh 3.9. Thoi gian teo gel cua Hinh 0.5. Thoi gian teo gel
hydrogel va hydrogel cua hydrogel va hydrogel
nanocomposite GTA véi nong nanocomposite CHPA  Véi

do HRP 0,05 mg/mL né‘ng do HRP 0,07 mg/mL

- Két qua khao sat thoi gian gel hoa caa hydrogel va hydrogel
composite CHPA trén nén GTA véi ti 1& 1:1 véi ndong do HRP 0,07
mg/ml cho thdy thoi gian gel héa caa hydrogel kha nhanh trong vai
phut, va luong H.02, lwong HRP anh huéng dén thoi gian tao gel.
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1
=~ Hydrogel conposite (GTA-
. CHPA)

\

=
2

Thirt glan gel hia (5)
W ®
vz =

o 005 o1 015 02 0.25
Ning di H,0, (%)

Hinh 3.11. Thoi gian tgo gel cua hydrogel va hydrogel
composite CHPA trén nén GTA véi ti ¢ 1:1 véi nong dé HRP

0,07 mg/mL

Hinh thai cua hydrogel CHPA-GTA va hydrogel composite CHPA-
GTA/BCP vditylé L:1val:2



- Két qua hinh SEM véi do phong dai 100 pm cho thiy cau trac
cua vat lidu bao gdm nhiéu 15 xop véi cau trac khong gian ba chiéu,
kich thuéc cua 16 x6p khoang 30-50 pm. Déi véi hydrogel
oposite, nhitng hat BCP bao phu trén bé mat cua vat liéu.

SN

@ (b)
Hinh 0.6. Hinh SEM hydrogel CHPA-GTAt/ I¢ 1:1 (a) va 1:2

(b)

(a) (b)
Hinh 3.13. Hinh SEM (a) cua hydrogel composite CHPA-
GTA/BCP t/l¢ 1:1 (a) va 1:2 (b)

Khoi lwong suy giam cuia hydrogel CHPA-GTA va hydrogel
composite CHPA-GTA/BCP

- Két qua thé hién & biéu dd 4.1 cho thay hydrogel GTA c6 thoi
gian giam cap rat nhanh trong 42 gio. Con di voi hydrogel CHPA
trén nén GTA, khi tang ti 16 CHPA Ién thi sy suy giam khéi luong
cang cham (voi ti 1€ 2:1 suy giam 89,5% trong 762h). Khi cho thém
cac hat BCP vao (biéu dd 4.2) su suy giam khéi luong dién ra cham
hon so vai hydrogel.
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Biéu d 0.1. Bleu 6% gia’i‘fn cap khoi hieong cua
hydrogel CHPA trén nén GTA theo cdc ti 1¢ (C/G) trong

dung dich PBS
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Biéu d6 0.2. Biéu do% giam cap khoi hieong cua
hydrogel composite CHPA trén nén GTA theo cdc ti 1¢ (C/G)
trong dung dich PBS
Danh gia kha nang tao khoang cua hydrogel CHPA-GTA va
hydrogel composite CHPA-GTA/BCP
e Gin d6 nhiéu xa XRD

- Phan tich cdu tric cua hydrogel CHPA-GTA (1:1), GTA-CHPA
(1:2) va hydrogel composite CHPA-GTA/BCP (1:1), CHPA-
BCP/BCP (1:2) trudc va sau khi ngam trong dung dich SBF 28 ngay
cho thdy hydrogel composite GTA-CHPA/BCP c6 hiéu qua trong
qué trinh hinh thanh va phét trién caa khoang aptite carbonate.

* CaCO: = HAp = B-TCPE

m CHPA-GTA (1:1) O Ngay

CHPA-GTA (1:1) 28 ngay *
1 L

(o

z0 2 30 as a0 as 50 55 &0
2-theta (°)

Hinh 3.14. Gidn dé XRD cia hydrogel CHPA- GTA (1:1)va
hydrogel composite CHPA- GTA/BCP (1:1) trudc va sau khi
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ngam trong dung dich SBF 28 ngay

- CHPA-GTA/BCP (1:2) 0 Ngay
W

4 CHPA-GTA/BCP (1:2) 28 Ngay
-Nﬁ
e

e
-

Coingdy

20 25 30 35 a0 as 50 55 60
2-theta (°)

Hinh 0.7. Gidn do XRD cua hydrogel CHPA- GTA (1:2) va

hydrogel composite CHPA- GTA/BCP (1:2) truéc va sau khi
ngam trong dung dich SBF 28 ngay
o Khao sat sy hinh thanh khoang appatite carbonate

- Tu cac két qua phan tich EDS (hinh 3.16, 3.17, 3.18, 3.19) cho
thiy hydrogel composite CHPA-GTA/ BCP (1:1) va CHPA-GTA/
BCP (1:2) cho két tao khoang cao hon nhiéu so voi hydrogel CHPA-
GTA (1:1) va CHPA-GTA (1:2).

o s K

i

" "'?""’.\‘T“"T % e
Bn W 10 1N W AR M AN TR AN e BN

Hinh 0.8. Két qua SEM va EDS cua hydrogel CHPA-GTA
(1:1) sau khi ngam trong dung dich SBF 28 ngay

» i
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Hinh 0.9. Két qua SEM va EDS cua hydrogel CHPA-GTA
(1:2) sau khi ngém trong dung dich SBF trong 28 ngay
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Hinh 0.10. SEM va EDS cua hydrogel composite GTA-
CHPA/BCP-1G:1C sau khi ngadm trong dung dich SBF 28

Hinh 0.11. SEM va EDS cua hydrogel comp03|te GTA-
CHPA/BCP-2G:1C sau khi ngédm trong dung dich SBF 28
ngay
o Khao sat ham lugng Ca, P trong dung dich SBF
- Khao sat ham lugng Ca, P trong dung dich SBF sau khi ngam

hydrogel composite cho thay sau 1 ngay luong ion Ca, P tang lén,
sau d6 lugng Ca, P giam déu xudng. Cac mau hydrogel composite
cho két qua thong ké khong khéc biét nhiéu giira 2 ti lé.

o
mooE
s a

=

~\<\_Hh
1 3 7 14 28

1 3 14 28 Thiri gian (ngay)
Thir gian (ngay)

Hinh 3.20. Ham luong Ca Hinh 3.21. Ham hmﬂg P trong
trong dung dich SBF ngdm dung dich SBF ngam hydrogel
hydrogel composite trong composite trong 28 ngay vai t/
28ngayvagitilél:1val:2 lél:lval:2

Két luan: Tir két qua phan tich EDS, XRD va ICP cho thay vt ligu
hydrogel composite CHPA-GTA/BCP c6 kha nang tao khodng va

Himn hegmigs Coeng/ L)

Ham heyng P(mg/L)
Swa e w2

= w
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hinh thanh apatite c6 anh huong véi xuong tét hon so véi hydrogel
CHPA-GTA.
e Danh gia doc tinh té bao:

- Duya trén két qua MTT va anh chup huynh quang cho thiy, vat
liéu hydrogel composite an toan, khong gay doc tinh té bao sau khi
phan huay.

3.4. Két qua tong hop ATA
3.4.1. X&c dinh cdu triic cdc sdn phim

- Phd 'H-NMR cua CHPA trong D,O va két qua phd FTIR cua

ATA ching t6 ATA di duoc tong hop thanh cong

#\J\U_Jwbw}'ﬁh‘-y.‘,_q,,l

A ppm

4000 3500 3000 2500 2000 1500 1000 500
. 1
Wavenumber (cm™)

Hinh 0.12. Phé 1H-NMR cua Hinh 0.13. Két qua phé
ATA trong D20 FTIR cua ATA

- Két qua do d6 hap thu (A) cua TA trong ATA bing UV-Vis (A
= 275 nm) cho thay lugng H,0, ti thiéu can phan ung vai TA trong
10 mg ATA dé tao gel 1a 0,012% trong dung dich ATA 10% (khéng
cao hon 0,25% vi s& gay doc ddi vai té bao)
3.4.2. Két qua khdo sdt cdc tinh chit ciia hydrogel va hydrogel
nanocomposite ATA-GTA/BCP
Thoi gian gel héa

- Két qua cho thay thoi gian gel hoa cua hydrogel kha nhanh
trong vai phat va thay déi theo ndng d6 H.0, hydrogel
nanocomposite ¢ thoi gian tao gel dién ra nhanh hon so voi
hydrogel.
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ATG +—Hyddrogel ATG-GTA  —s—Hydrogel

60 —e—Hydrogel compostie 0 —e—Hydrogel composite

0 0.1 0.2 03 04 05
Ning 4§ H,0, (%)

Hinh 3.27. Thoi gian teo gel cia Hinh 3.28. Thoi gian tao gel

hydrogel va hydrogel cua hydrogel va hydrogel

nanocomposite ATA véi nong d6  nanocomposite ATA trén nén

HRP 0,0125mg/ml mg/mL GTA Véi nong d¢ HRP
0,0125mg/ml

Hinh thai cua hydrogel ATA-GTA va hydrogel nanocomposite ATA-

GTA/BCP

- Két qua hinh SEM véi do phong dai 100 pm cho thiy cau trac

cua vat lidu bao gdm nhiéu 15 xop véi cau trac khong gian ba chiéu,

kich thudc cua 16 x6p khoang 20-40 pm. Trong truong hop hydrogel

nanocomposite, hinh SEM cho thay xuat hién cac hat nano BCP phu

déu trén khap bé mat cau trac xop cua vat lidu.

@ b
Hinh 0.29. Hinh SEM hydrogel ATA-GTA t/ I¢ 1:1 (a) va 1:2

(b)

(@ (b)
Hinh 3.30. Hinh SEM (a) cua hydrogel hanocomposite ATA-
GTA/BCPti l¢ 1:1 (a) va 1:2 (b)
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Khoi lweong suy giam cua hydrogel CHPA-GTA va hydrogel
nanocomposite CHPA-GTA/BCP

- Két qua khao sat khdi lwong suy giam so sanh GTA so Vvéi
hydrogel cua ATA trén nén GTA cho thay hydrogel GTA suy giam
sinh hoc rat nhanh. V&i hydrogel nanocomposite khi cho thém cac
hat BCP vao su suy giam khdi luong dién ra chdm hon so Vi
hydrogel (biéu d6 3.4)

Biéu d6 3.3. Biéu dd% giam cap khoi hrong cua hydrogel
GTA va ATA trén nén GTA theo cdc t7 1é (A/G) trong dung
dich PBS

¥ piim

Khii hymy trromg o vi sy

Bléu do 3.4. Biéu do % khéi hiong phan hiy sinh hoc

hydrogel nanocomposite GTA va ATA trén nén GTA theo cdc
t7 1¢ (A/G) trong dung dich PBS

Danh gia kha nang tao khoang cua hydrogel ATA-GTA va hydrogel
nanocomposite ATA-GTA/BCP

e Gian db nhidu xa XRD

- Phan tich c4u tric cua hydrogel CHPA-GTA (1:1), GTA-CHPA

(1:2) va hydrogel nanocomposite CHPA-GTA/BCP (1:1), CHPA-
BCP/BCP (1:2) trudc va sau khi ngdm trong dung dich SBF 28 ngay
cho thy cho thy hydrogel nanocomposite ATA-GTA/BCP ¢ hiéu
qua trong qua trinh hinh thanh va phét trién cia khoang aptite
carbonate.
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Hinh 3.31. Gian do XRD cua hydrogel ATA- GTA (1:1) va
hydrogel nanocomposite ATA- GTA/BCP (1:1) truéc va sau
khi ngam trong dung dich SBF 28 ngay

* CaCO,, = HAp, * B-TCP

ATG-GTA (1:2) 0 ngay
e e een ATG-GTA (1:2) 28 ngay
—— T

= - .

= ATG-GTAFF\C'P (1:2) 28 ngay

[ 3 ¥
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2 thetn )

Hinh 3.32. Gian do XRD cua hydrogel ATA- GTA (1:2) va
hydrogel nanocomposite ATA- GTA/BCP (1:2) truéc va sau
khi ngadm trong dung d;ich SBF 28 ngay
o Khao sat sy hinh thanh khoang appatite carbonate
- Tu cac két qua phan tich EDS cho thay hydrogel nanocomposite
ATA-GTA/ BCP (1:1) va ATA-GTA/ BCP (1:2) cho két tao khoang
cao hon nhiéu so vm hydrogel ATA GTA (1 1) va ATA-GTA (1:2).




H1nh 3.33. Két qua SEM va EDS cua hydrogel ATA GTA
(1:1) va ATA-GTA (1:2) sau khi ngdm trong dung dich SBF
28 ngay

Hinh 3.34. Két qua SEM va EDS cuia hydrogel ATA-GTA (1:1) va
ATA-GTA (1:2) sau khi ngam trong dung dich SBF trong 28 ngay
o Khao sat ham lugng Ca, P trong dung dich SBF

- Khao sat ham Iugng Ca, P trong dung dich SBF sau khi ngam
hydrogel nanocomposite cho thdy sau 1 ngay lugng ion Ca, P tang
Ién, sau d6 luong Ca, P giam déu xudng. Cac mau hydrogel
nanocomposite cho két qua théng ké khong khac biét nhiéu giira 2 ti
1é.
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Hinh 3.35. Ham luwong Ca trong  Hinh 0.14. Ham luong P trong
dung dich SBF ngdm hydrogel dung dich SBF ngam hydrogel
nanocomposite trong 28 ngay véi  nanocomposite trong 28 ngay
t7lé1:1val:2 voitilé1:1val:2

Két lu@n: Tir két qua phan tich EDS, XRD va ICP cho thay vat liéu
hydrogel nanocomposite ATA-GTA/BCP cé kha ning tao khoang va
hinh thanh apatite c6 anh huong véi xuong tét hon so véi hydrogel
ATA-GTA.

e Danh gia doc tinh té bao:

- Dua trén két qua MTT va anh chup huynh quang cho thay, vét
liéu hydrogel nanocomposite an toan, khong gay doc tinh té bao sau
khi phan huy.

3.5. Két qua tong hop CDTA
3.5.1. X&c dinh céu triic cdc sin pham

- Phd 'H-NMR cua CDTA trong D,O va két qua phd FTIR cua

CDTA chung to CDTA da duoc tong hop thanh cong.

Hinh 3.39. Phé 1H-NMR cizia  Phé FT-IR cia CD_Tyr. (A) CD;
GTA trong DO (B) Tyr; (C) CDTA
- Két qua do do hap thu A cua TA va CDTA thu dugc bang UV-
Vis (A = 275 nm) luong H,0, téi thiéu can phan tng véi TA trong 10
mg CDTA dé tao gel la 0,014% trong dung dich CDTA 10% (khéng
cao hon 0,25% vi s& gay doc ddi véi té bao)
3.5.2. Két qud khdo st cdc tinh chit ciia hydrogel va hydrogel
nanocomposite CDTA-GTA/BCP

Thoi gian gel héa

- D0 thi cho thy thoi gian gel hda cuia hydrogel kha nhanh trong
vai phit, va lugng H202, lugng HRP anh huong den thoi gian tao
gel. Boi voi hydrogel nanocomposite CDTA-GTA /BCP (1:1) thoi



gian hinh thanh gel nhanh hon tir 29 dén 94 gidy, nhung nhin chung
khéng co su bién doi dang ké khi so véi hydrogel.

CDTA

—a—Tlydrogel

—e—Hydrogel compaosite

0.1 015 0175 02 0.4
Ning d§ 1,0,

Hinh 3.42. Thoi gian tqo gel cua

CDTA-GTA  —=Tiydrogel

2 .
120 —s—Hydrogel composite

100 /j

e

= 80 .
» S

0.078 0.1 018 0178 02 04
Némg d§ H,O,

Hinh 3.43. Thoi gian tqo gel cua

hydrogel va hydrogel hydrogel va hydrogel

nanocomposite CDTA véi nong nanocomposite CDTA trén nén

do HRP 0,125 mg/mL GTA Vé6i nong d¢ HRP
0,0125mg/ml

Hinh thdai cua hydrogel CDTA-GTA va hydrogel nanocomposite
CDTA-GTA/BCP

- Qua két qua hinh SEM v¢i do phong dai 100 um cho thay cau
trac cua vat liéu bao gom nhleu 156 x6p véi cau trac khdng gian ba
chiéu, kich thuéc cua 16 xdp khoang 20-40 pm. Trong trudong hop
hydrogel nanocomposite. Hinh SEM cho thay xuat hién cac hat nano
BCP phu déu trén khap bé mat cau tric xop cua vat liéu.

(b)

(@
Hinh 3.44. Hinh SEM (a) hydrogel CDTA-GTA (1:2) ngay va
(b) CDTA-GTA (2:1)
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(a) (b)
Hinh 3.45. Hinh SEM (a) hydrogel hanocomposite CDTA-
GTA (1:2) ngay va (b) CDTA-GTA (2:1)

Khoi lwong suy giam ciia cua hydrogel CDTA-GTA va hydrogel
nanocomposite CDTA-GTA/BCP

- Két qua so sanh gita 2 biéu d6 hydrogel va hydrogel
nanocomposite cho thay, khi cho thém cac hat BCP vao su suy giam
khéi lwgng dién ra cham hon so vai hydrogel

6h
90 18h
100.00 12
= 90.00 1 = 70 = 90h
g &
£ _ < = 186h
4 1 w3k = S0 = 378h
g %
= w762h
2 som o g 30
= 8h e
£ 300 £
2 = 1:1 2 1:2 1:5
Z

20,00 - E -10
10.00 =
0.00 -30

Biéu do 4.5. Biéu do% giam cdp khdi leong ciia hydrogel CDTA trén
néen GTA theo cdc ti I¢ (CD/G) trong dung dich PBS cé enzyme
collagenase

100.00 uih

Kb lewmg suy gid

Biéu do 4.6. Biéu do6% giam cap khoi hegng cua hydrogel
nanocomposite GTA va CDTA trén nén GTA theo cdc ti I¢ (A/G)
trong dung djch PBS
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Danh gia kha nang tao khodng cua hydrogel CDTA-GTA va
hydrogel nanocomposite CDTA-GTA/BCP
e Gian d6 nhiéu xa XRD

- Phan tich cau trc caa hydrogel CHPA-GTA (1:1), GTA-CHPA
(2:2) va hydrogel nanocomposite CHPA-GTA/BCP (1:1), CHPA-
BCP/BCP (1:2) trudc va sau khi ngdm trong dung dich SBF 28 ngay
cho thdy cho thay hydrogel nanocomposite CDTA-GTA/BCP c6
hiéu qua trong qua trinh hinh thanh va phat trién cua khoang aptite
carbonate.

" xCaC0, « HAp, * B-TCP )
M CDTA-GTA (1:1) 0 ngay

%M______
CDTA-GTA (1:1) 28 ngay

cwomg d
N 1

CDTA-GTA/BCP (1:1) 0 ngay

L} L]
MMM

A e m

CDTA-GTA/BCP (1:1) 28 ngay

| 3 ]LLJ
. * ey * ® *
*
NPV W S SURVS SN DU S
20 0 <0
2-theta ()

Hinh 3.46. Gidn do XRD cua hydrogel CDTA- GTA (1:1)va
hydrogel nanocomposite CDTA- GTA/BCP (1:2) trudc va
sau khi ngadm trong dung dich SBF 28 ngay

*CaCO,, + HAp, * B-TCP

COTA-GTA (2:1) 28 ngay

e

*

= e CDTA-GTA/BCP (2:1) 0 ngay
\ *
N A A AN e ¥ ]
4 .l CDTA-GTA/BCP (2:1) 28 ngay
. * 'UI\' . * ¥
PSS SO L IO PR S
.

e B 2-theta (%) o &0
Hinh 3.47. Gidn dé XRD cua hydrogel CDTA- GTA (2:1) va
hydrogel nanocomposite CDTA- GTA/BCP (2:1) truéc va
sau khi ngadm trong dung dich SBF 28 ngay

¢ Khao sat sy hinh thanh khoang appatite carbonate
- Két qua phan tich EDS cho thiy hydrogel nanocomposite
CDTA-GTA/BCP (1:1), CDTA-BCP/BCP (2:1) cho két tao khoang
cao hon nhiéu so véi hydrogel CDTA-GTA (1:1), CDTA-GTA (2:1)
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(c) (d)
Hinh 3.48. Két qua SEM va EDS cuia hydrogel CDTA-GTA
(1:1) va CDTA-GTA (2:1) sau khi ngam trong dung dich SBF
28 ngay

@ © ®
Hinh 3.49. Két qua SEM va EDS cua hydrogel nanocomposite
CDTA-GTA (1:1) va CDTA-GTA (2:1) sau khi ngam trong dung
dich SBF trong 28 ngay

e Khao sat ham lugng Ca, P trong dung dich SBF
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- Khao sat ham luong Ca, P trong dung dich SBF sau khi ngam
hydrogel nanocomposite cho thay sau 1 ngay luong ion Ca, P tang
len, sau do6 lugng Ca, P giam déu xudng. Cac mau hydrogel
nanocomposite cho két qua théng ké khong khac biét nhiéu gitra 2 ti
1é.

14

n

Him lueng Ca(mg/L)

Him lwgng

=
e s o= S

0

1 3 7 14 28
1 3 7 14 28
I'héi gian (ngiy) Thiri gian (ngiy)

Hinh 3.50. Ham Ilwong Ca Hinh 0.15. Ham lwong P trong
trong dung dich SBF ngdm dung dich SBF ngadm hydrogel
hydrogel nanocomposite trong  nanocomposite trong 28 ngay
28 ngay voitilé 1:1va 2:1 voitilé 1:1va 2:1

Két lu@n: Tir két qua phan tich EDS, XRD va ICP cho thay vat liéu
hydrogel nanocomposite CDTA-GTA/BCP c6 kha niang tao khoang
va hinh thanh apatite c6 anh huéng véi xwong tét hon so voi
hydrogel CDTA-GTA.

e Danh gia doc tinh té bao:

- Dua trén két qua MTT va anh chup huynh quang cho thay, vat
lieu hydrogel nanocomposite an toan, khéng gay doc tinh té bao sau
khi phan huy.

KET LUAN

- Téng hop vat liéu: didu ché va khao sét cac dic tinh cua cac hat
khoang nano BCP.

- Tong hop va danh gi4 cau trdc, hinh thai cia cac hydrogel va
hydrogel nanocomposite gelatin-tyramin (GTA).

- Tong hop va danh gi4 cau trdc, hinh thai cia cac hydrogel va
hydrogel nanocomposite chitosan 4-hydroxyphenylacetic acid
(CHPA).

- Tong hop va danh gi4 cau trdc, hinh thai cia cac hydrogel va
hydrogel nanocomposite alginate-tyramin (ATA).

- Tong hop va danh gia cau trdc, hinh thai caa cac hydrogel va
hydrogel nanocomposite chondroitin sulfate-tyramin (CDTA).
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- Nghién ctu tong hop va xac dinh cac tinh chat cua hydrogel va
hydrogel nanocomposite trén nén GTA véi tirng loai vat liéu CHPA,
ATA, CDTA vai céc ti 1€ khéc nhau.

- Panh gid kha ning tao khodng cua hydrogel va hydrogel
nanocomposite caa hydrogel va hydrogel nanocomposite trén nén
GTA véi tung loai vat ligu CHPA, ATA, CDTA voi céc ti I€ khac
nhau.

- So sanh giam cip, twong hop sinh hoc va khoang hda cua ba
nén nanonanocomposite hydrogel

NHUNG PONG GOP MOI CUA LUAN AN

- Pa téng hop thanh cdng céc vat liéu hydrogel composit trén nén
gelatine vai cac polysaccharide nhu chitosan, alginate, chondroitine
sulfate... két hop voi cac hat nano Biphasic calcium phostphate. Cac
san pham hydrogel tong hop dugc danh gid cau tric bang céc
phuong phap HINMR, FT-IR, SEM.

- Khao séat thoi gian hinh thanh gel caa cac vat liéu nhu sau:

e Vit ligu CHPA — GTA: Pdi véi hydrogel, hydrogel
nanocomposite ¢ thai gian tao gel nhanh nhat 1a 11s; 40s
(khao sét trong ndng d6 H202 tir 0,05-0,2%)
e Vit lieu ATA — GTA: D6i véi hydrogel, hydrogel
nanocomposite c¢d thoi gian tao gel nhanh nhat 1a 25s; 16s
(khao sét trong néng d6 H202 tir 0,05-0,2%)
e Vit liegu CDTA — GTA: Béi véi hydrogel, hydrogel
nanocomposite ¢ thoi gian tao gel nhanh nhat 1a 43s; 46s
(khao sét trong ndng d6 H202 tir 0,1-0,4%).
Két qua ching minh rang khi ting ndng d6 H202, thoi gian hinh
thanh gel s& kéo dai do enzyme HRP bi wrc ché kha ning tao lién két
ngang trong mach polymer.

- Trong mdi trueong gia sinh hoc, thoi gian phan hay sinh hoc trén
3 hé vat liéu hydrogel va hydrogel nanocomposite dugc khao sat ty
[¢ thuan vai ham luong GTA duoc st dung, do gelatine la polymer
dé bi thuy phan ngay ca trong méi truong sinh Iy va gia sinh hoc, nén
qua trinh phan huy sinh hoc cua vat liéu dién ra trong thoi gian twong
d6i ngan. Do do, viéc két hop GTA véi cac polysaccharide (CHPA,
ATA, CDTA) sé gitp kéo dai thoi gian phan huay sinh hoc cua vat
liéu. Vi thé, tiy theo nhu cau va myc dich cua vat lidu, c6 thé didu
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chinh ti 16 GTA dé c6 thoi gian phan hay sinh hoc nhu mong muén
trong mdi treong gia sinh hoc.

- Khi so sanh gitra 2 vat liéu c6 cung ti 16 BCP la CHPA-GTA va
CDTA-GTA cho thay CHPA c6 kha nang khoang hoa t6t hon. ATA
cho thay kha nang khoang hoa thip nhit trong ba vat liéu. Diéu nay
dugc giai thich do cau tric alginate cd do nhét rat cao, 1am cho cac
hat nano BCP kh6 phan tan déu trong vat liéu, din dén viéc kha ning
tao khoang kém. Bdi véi cu tric chitosan twong tac tinh dién trong
chitosan va gelatin gitip cho vat liéu c6 kha ning tao khoang tét hon.

- Dua trén két qua MTT va anh chup huynh quang cho thay, vét
liéu hydrogel nanocomposite trén cac hé vat lieu CHPA-GTA/BCP,
ATA-GTA/BCP, CDTA-GTA/BCP (véi céc ti € khac nhau) an toan,
khong gay doc tinh té bao sau khi phan hay.

DANH MUC CAC CONG TRINH PA CONG BO

1. Nguyen Vu Viet Linh, Nguyen Tien Thinh,Pham Trung
Kien, Tran Ngoc Quyen, Huynh Dai Phu, Injectable
Nanocomposite Hydrogels and Electrosprayed Nano(Micro)
Particles for Biomedical Applications, Novel Biomaterials
for Regenerative Medicine, 2018, 225-249, IF: 3.65, Q2

2. Nguyen Tien Thinh, Dang Le Hang, Tran Thi Yen Nhi, Sija
Feng, Jun Chen, Nguyen Phuon, Tran Ngoc Quyen, Biphasic
calcium phosphate embedded biomimetic hydrogel based
chondroitin sulfate and gelatin as an injectable scaffold for
bone regeneration, European Polymer Journal, 2023, 189:
111975, IF: 5.5, Q1

3. Tien Thinh Nguyen, Chan Khon Huynh, Ngoc Quyen Tran,
Van Thu Le, Minh Dung Truong, Bach Long Giang, Minh
Thanh Vu, In situ fabrication of biological chitosan and
gelatin-based hydrogels loading biphasic calcium phosphate
nanoparticles for bone tissue regeneration, 2019, 31(5),
1062-1070, IF: 0.6, Q4



