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TOM TAT

Muc sinh hoc dong vai tro quan trong trong cong nghé in ba chiéu, anh hudng truc tiép dén chat
luong, d6 chinh xac va tinh toan ven clia cdu trdc in. Kha ndng in la mot trong nhiing yéu té then
ch6t quyét dinh su thanh cong clia qua trinh in, yéu t6 nay anh hudng dén dé chinh xac clia cau
tric in va kha nang duy tri hinh dang mong muén trong qua trinh in ba chiéu. Kha nang in cta
muc sinh hoc khong chi phu thudc vao thanh phan ma con bi tac dong déang ké bai diéu kién bao
quan. Do do, viec danh gia anh hudng ctia nhiét dé bao quan dén kha nang in clia muc sinh hoc la
can thiét. Bai bdo trinh bay cach danh gia anh hudng cta ba diéu kién nhiét dé bao quan: nhiét dé
dong lanh (-20 # 1°C), nhiét d6 lanh (4 £ 1°C) va nhiét d6 phong (25 = 2°C) dén kha nang in cla
muc sinh hoc gelatin-alginate (B-GA) trong thai gian 21 ngay. Khd ndng in dugc danh gia thong
qua trang thai muc, kha nang tao sgi, chi s6 déng dang (U), d6 hoa lan cau tric (Df) va kha nang
in 16 (Pr). Két qud cho thdy kha nang in ctia muc B-GA duy tri &n dinh trong 14 ngay dau & ca ba
diéu kién bao quan. Tuy nhién, sau 21 ngay, kha nang in suy gidm & diéu kién bao quan & nhiét do
dong lanh va nhiét d6 phong, véi chi s6 Pr giam xuéng con 0,8469 =+ 0,0056 va 0,8630 + 0,0074,
tuong tng. Nguoc lai, & diéu kién bao quan & nhiét do lanh (4 & 1°C), muc sinh hoc B-GA van duy
ti kha nang in &n dinh trong sudt 21 ngay vai chi s6 Pr= 0,908 4 0,0227. Nhu vay, diéu kién bao

quan lanh (4 & 1°C) 1a t6i uu dé duy tri khd nang in cla muc sinh hoc B-GA trong 21 ngay.
Tu khoa: bao quan, gelatin-alginate, in ba chiéu, kha nang in, muc sinh hoc

MG bAU

Cong nghé in ba chiéu (3D printing) dang phét trién
manh mé va tré thanh mét huéng nghién ciu tiém
néang trong linh vuc y sinh, dic biét trong kj nghé
md va y hoc tdi tao. Cong nghé nay cho phép ché
tao cac ciu trac sinh hoc c6 d6 chinh x4c cao, mo
phéng mo va co quan that d€ phuc vu nghién ctu
dugc Iy, tht nghiém thuéc ciing nhu Gng dung trong
cdly ghépy khoa > Mot trong nhiing yéu t6 quyét dinh
thanh cong ctia in 3D 1a chét lugng ctia muyc sinh hoc
(bioink), vi né anh hudng truc tiép dén d6 chinh xdc,
tinh toan ven céu tric va kha nang duy tri hinh dang
cua vét liéu in trong sudt qua trinh ché tao 1 Trong s6
cac loai muc sinh hoc hién nay, hydrogel nén gelatin-
alginate (G-A) dugc st dung phé bién nhd vao cac
déc tinh sinh hoc vugt troi, bao gém tinh tuong thich
sinh hoc cao, kha néng tao gel nhanh chéng va co ché
lién két ion linh hoat, c¢6 thé diéu chinh phu hgp véi
céc diéu kién in khac nhau®*. Tuy nhién, mot trong
nhiing thach thtic 16n khi st dung muc sinh hoc 1a
su thay d6i tinh chit co hoc va kha nang in theo thoi
gian, dac biétla khi bao quan trong cac diéu kién nhiét
d6 khac nhau. Trong thuc té, di€u kién bao quan cé
thé &nh hudng ding ké dén tinh chait luu bién (rhe-
ological properties), kha nang dun (extrudability) va

d6 6n dinh c4u tric ctia muyc sinh hoc. Néu muc sinh
hoc bi suy gidm kha nang in sau thoi gian bao quan,
c6 thé dan dén sai léch vé€ hinh dang, kich thuéc va
do chinh x4c ctia ciu tric in, gay anh hudng dén hiéu
qua tng dung trong linh vuc y sinh. Do d6, viéc dainh
gid anh hudng cta diéu kién bdo quan dén kha nang
in cia muc sinh hoc 1a rat can thiét d€ xac dinh diéu
kién bao quan t6i vu giup duy tri chit lugng muc sinh
hoc trong thai gian dai.

Baibdo trinh bay cdch danh gia anh hudng ctia ba diéu
kién nhiét d6 bao quan: nhiét d6 dong lanh (-20 £
1°C), nhiét d¢ lanh (4 & 1°C) va nhiét d6 phong (25
+ 2°C) dén kha ning in ctia myc sinh hoc gelatin-
alginate (B-GA) trong thdi gian 21 ngay. Cac tiéu chi
danh gid bao gdm kha nang tao sgi, chi s6 dong dang
(U), d6 hoa lan c4u trac (Df) va kha nang in 16 (Pr).
Két qua dat dugc cung cdp thdng tin quan trong vé
anh hudng ctia nhiét 46 bao quan dén tinh chat in ctia
muic sinh hoc, tit d6 dé xuit diéu kién nhiét d6 bao
quan t6i uu d€ duy tri kha ning in trong ing dung in
3D.
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Chuan bi mucin gelatin-alginate

Muc sinh hoc gelatin-alginate (Gelatin-alginate
bioink, -GA) dugc chuédn bi véi ndng do cudi gébm
4% gelatin (w/v), 4% alginate (w/v) va 14 mM
CaCl,. Cac thanh phan gom gelatin loai B tii da
bo (Sigma-Aldrich, Hoa Ky; Cat. No: G9391-500G;
CAS: 9000-70-8) va sodium alginate ti tdo niu
(Sigma-Aldrich, Hoa Ky; Cat. No: 180947-250G;
CAS: 9005-38-3) dugc hoa tan hoan toan trong nudc
cat hai lan trudc khi phéi tron. Dung dich CaCl,
0,07 M (Merck, Dtic; Cat. No: 1.03378.0500; CAS:
10043-52-4) dugc hdp khii trung ¢ 121°C, 1 atm, sau
d6 dugc bd sung vao hdn hgp gelatin-alginate trudc
khi khudy déu dé tao thanh muc in.

Muc B-GA sau khi chuén bi dugc béo quén & ba diéu
kién nhiét d¢ khac nhau: dong lanh (-20 £1°C), lanh
(4 £1°C) va nhiét do phong (25 £2°C). Muyc in dugc
danh gid kha ning in tai cac thoi diém bao quan 0, 7,
14 va 21 ngay (ky hiéu DO, D7, D14, D21).

Panh gia trang thai mucin

Trang théi ciia myc in dugc ddnh gia bang thi nghiém
up ngugc d€ xac dinh tinh 6n dinh cta trang thai muc
in, dm bao phu hgp cho qua trinh in. Cu thé, 2 mL
muc B-GA dugc chuyén vao lo hinh tru va dit ap
ngugc theo phuong thing ding. Lo chtia myc in nay
dugc 1am tu vat liéu nhya trong sudt, cé dudng kinh
trong 1,5 cm va chiéu cao 5 cm. O cac thoi diém khao
sat (DO, D7, D14, D21), miu muc sau khi bdo quan &
céac diéu kién nhiét d6 khac nhau dugc chuin bi nhu
saw: mau bao quan & nhiét d6 phong dugc stt dung
truc tiép, mau béo quan lanh (4°C) dugc d€ & nhiét do
phong trong 30 phut dé€ dat nhiét d6 6n dinh khoang
25°C, mau béo quén doéng lanh (-20°C) dugc ra dong
va 6n dinh 6 nhiét d6 phong trong 30 phut d€ dat nhiét
do6 6n dinh (18,80 £ 0,264°C) trudc khi tién hanh
danh gia. Hinh anh trang thai muc dugc ghi nhan
trong vong 30 phut d€ quan st sy thay ddi vé do chay
va trang thai muc in. D¢ chdy dugc danh gia dinh tinh
thoéng qua quan sét thoi gian bt dau di chuyén va mic
d6 dich chuyén ctia muc in dudi téc dung trong luc,
tit d6 xdc dinh muyc in ¢6 kha nang chay ty do, dinh
nhdt, von cuc hay khong dich chuyén.

Panh gia kha nang tao sgi

Kha ning tao s¢i ciia muc B-GA dugc danh gia nhim
xac dinh tinh kha thi cia myc trong qua trinh in ép
dun, vi viéc tao sgi 6n dinh 13 diéu kién tién quyét d€
x4y dung cdu tric in 3D. S¢i muc cdn dugc kéo dai va
gili nguyén hinh dang d€ c6 thé tao thanh cac 16p in
lién tiép, tit d6 hinh thanh c4u tric hoan chinh.

Thi nghiém dugc thuc hién bang cich chia muyc B-
GA trong 6ng myc 3 mL (BD Plastipak™ 3mL, My)

va dun qua mdy in sinh hoc 3D (BioX, CELLINK,
Thuy Dién) dé tao sgi. Mbi 6ng muc chi dugc st dung
mot 1an duy nhét cho tiing diéu kién thi nghiém dé
tranh dnh hudng boi sy thay d6i nhiét do lap di lap
lai va ddm bao d¢ tin cay ctia két qua. Kha ning tao
sgi ctia muc B-GA dugc dénh gia ¢ cac thoi diém DO,
D7, D14 va D21 nham khdo sat sy thay ddi vé tinh
chit muyc trong sudt thoi gian bao quén.

Qua trinh in dugc thuc hién trong diéu kién nhiét do
phong 6n dinh (25 £ 2°C) va thdi gian in méi 6ng
muc khdng qud 5 phut. Trong qué trinh danh gia,
dau in dugc thiét 14p 13 bom xilanh 2,5 mL (syringe
pump 2,5 mL), v6i téc d6 dun 0,3 puL/mm. Dau voi in
sti dung c¢6 duong kinh trong 0,25 mm (nozzle 27G).
Dai vé6i thi nghiém danh gia kha nang tao s¢i, ddu in
dugc gitt ¢ dinh (khong di chuyén), nhim khdo sit
kha nang hinh thanh sgi lién tuc khi dtin muc tai mot
diém duy nhét. Cac thong s6 nay cing dugc dp dung
cho céc thi nghiém danh gia kha néng in don l6p, véi
su khdc biét la dau in trong trudng hgp nay dugce di
chuyén & téc d6 5 mm/s.

Panh gia kha nang in don I6p
Kha ning in don 16p clia myc B-GA dugc danh gia
thong qua ba chi s6 chinh: chi s6 dong dang (Unifor-
mity factor, U), chi s6 hoa 1an (Diffusion rate, Df) va
chi s6 kha ning in 16 (Pore printability, Pr). Céc chisd
nay gitp xac dinh d6 chinh xdc, kha ning ki€ém soat
hinh dang va sy 6n dinh ctia myc in trong qué trinh
in 3D.
Dé x4c dinh cic chi s6 trén, cdc ban mo6 hinh 3D
bang phan mém SolidWorks, gom mé hinh dénh gia
U (Hinh 1A), Df (Hinh 1B) va Pr (Hinh 1C) da dugc
thiét ké. Cdc mo hinh nay dugc stt dung lam dau vao
cho mady in sinh hoc, giup tao mau in theo thiét ké.
Sau khi in, mu in dugc chyp éanh va phan tich bing
phan mém Image]. Do d¢ tuong phéan gitia nén va
muc tuong d6i thdp, trong qui trinh, khong st dung
cdc budc ty dong, ma thuc hién do thi cong bang lénh
Straight Line, Polygon Selection va Freehand Selec-
tion két hop véi Measure d€ xéc dinh chiéu dai, duong
kinh, dién tich va chu vi. M6i phép do dugc lap lai
ndm lan d€ gidm sai s6 thao tac. Cac dit liéu thu dugc
sti dung dé€ tinh toan céc chis6 U, Df va Pr, tit d6 ddnh
gid kha nang in ctia muc.
Chiso U
Chi s6 U dugc stt dung d€ danh gid muic d6 dong déu
ctia s¢i muic in so véi mo hinh Iy thuyét, dugc xac dinh
theo cong thtic 1°:
P
Pt

Trong do Pa la chu vi thuc t€ clia sgi muc in, Ptla chu

1

vi ly thuyét cia moé hinh thiét ké.
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Khi U = 1, s¢i muc in dong nhét, khong bién dang.
Néu U > 1, sgi muc dai hon Iy thuyét, c6 thé bi gon
song hodc méo do d6 nhét muc, téc do in hodc diéu
kién gel hoa. Ngugc lai, néu U < 1, s¢i muc ngdn hon,
¢6 thé do co ngdt hodc dut gay.

Chi s6 Df

Chi s6 Df phan anh muc d6 hgp nhat gitia cac sgi muc
in trong qua trinh in 3D. Chi s6 nay cho biét liéu cic
sgi myc c6 duy tri ranh gidi rd rang hay bi dinh vao
nhau qué muc. Chi s6 Df dugc tinh theo cong thtic
26:

At —Aa

Df = x100% 2

Trong d6 At 1a dién tich 16 ly thuyét trong m6 hinh
thiét ké, Aa la dién tich thuc t€ cia 16 in.

Gid tri Df cao cho thdy s¢i muc dé hoa 14n hodc mét
cdu truc, trong khi Df thap phan dnh kha nidng duy tri
hinh dang 6n dinh véi ranh gidi sgi rd rang.

Chi so Pr

Chi s6 Pr danh gid muc d¢ tai tao chinh xac ctia cac 16
in so v6i mo hinh thiét k&, dong thoi phan anh mtc
do6 gel hoa cta vat liéu in dua trén hinh dang va kich
thudc 16 in so v6i mo hinh thiét k€. Chi s§ nay phan
anh kha nang ctia myc B-GA trong viéc duy tri cic
déc diém hinh hoc nho ma khong bi bién dang hoic
14p d4y ngoai y mudn. Chi s6 Pr dugc tinh theo cong
thiic 32:

12

= (3)
16A

Pr
Trong d6: Pr la chi s6 kha ning in 16, L 1a chu vi 16
vuong trong cdu truc in, A la dién tich 16 vuong trong
mo hinh thiét ké.
Khi Pr < 1, vét liéu chua gel hoa du khién sgi in lan
rong va dién tich 16 in thay ddi so véi thiét ké ban dau.
Néu Pr = 1, vat liéu dat mtic gel héa phu hgp, giup duy
tri hinh dang 16 in chinh xéc. Ngugc lai, Pr > 1 cho
théy vét liéu bi gel héa qua muic, gay gép khic va lam
bién dang 16 in.

Xt ly sé liéu va théng ké

Mbéi nghiém thiic dugc lap lai it nhit 3 14n d€ dam
bao tinh chinh xdc. Dii liéu thu dugc duge xu ly bang
phan mém GraphPad Prism 9 (GraphPad Software,
My), trong d6 céc s6 liéu dugc phan tich bang phuong
phép ANOVA mét chiéu hodc hai chiéu (One-way
ANOVA, Two-way ANOVA) nhidm xdc dinh sy khac
biét gitia cdc nhom. Két qua dugc biéu dién dudi dang
trung binh + d6 1éch chuén va su khdc biét c6 ¥ nghia
théng ké khi p < 0,05. Cac biéu d6 truc quan hda s6
liéu cting dugc vé bing phan mém GraphPad Prism 9.

KET QUA

Két qua danh gia trang thai mucin

Trudc khi bdo quan, muc sinh hoc B-GA da dugc gel
héa hoan toan va duy tri trang thai 6n dinh trong suét
30 phut quan sat, khong c6 hién tugng tach pha hay
thay d6i hinh dang (Hinh 2A). Sau 21 ngay bao quan &
ba diéu kién nhiét d6 dong lanh, lanh va phong, muc
van gili dugc trang thai 6n dinh trong thoi gian dai
(Hinh 2B).

K&t qua danh gia kha nang tao soi

Truédc khi bdo quan, muc B-GA c¢6 kha ning tao s¢i
lién tyuc va duy tri hinh dang thdng tu ddu voi in dén
bé mat in, khong bi diit gay hay bién dang. Sau khi
bao quan & cac diéu kién nhiét do dong lanh, lanh va
nhiét d6 phong, muc van duy tri khé ning tao sgi 6n
dinh tai céc thoi diém D7, D14 va D21 (Hinh 3). Céc
soi in ra van thing, khong c6 ddu hiéu co rut hodc dut
doan. Diéu nay cho thdy muc B-GA c6 kha ning bao
toan tinh chat in s¢i trong sudt 21 ngay bao quan.

Két qua danh gia kha ning in don I16p
Ddnh gid chisé U

Trudc khibdo quan, cac sgi myc in ti myc sinh hoc B-
GA c6 hinh dang déng nhat, bé mdt mugt va khong
bi diit quang trong qua trinh in (Hinh 4A). Cac soi
muc duy tri khoang cach thiét ké, khéng cé d4u hiéu
hoa 1an vao nhau ngay ca ¢ khoang cach nho nhit 1
mm. Gid tri chi s6 d6ng dang trudc bao quan dugc
ghi nhén la U = 1,0047 + 0,0481, cho thdy sgi muic in
¢6 d6 6n dinh cao v€ mit hinh dang. Sau thoi gian
bao quan, hinh dang s¢i muc van dugc duy tri & ca
ba diéu kién nhiét d¢ khao sat (Hinh 4B). Tuy nhién,
& nhiét do phong vao ngay D21, xuét hién hién tugng
sgi muc ¢ khoang cach 1 mm c6 xu huéng hoalan nhe
tai vi tri giao nhau. Piéu nay cho thdy kha ning kiém
sodt hinh dang ctia muyc ¢4 thé bi anh hudng theo thoi
gian bdo quan, dic biét & nhiét d6 cao hon.

Két qua phén tich dinh lugng (Hinh 5) cho théy chisé
dong dang U c6 xu hudng gidm theo thdi gian & tit ca
cac diéu kién bao quan, tuy nhién sy khac biét khong
¢6 y nghia théng ké (p > 0,05). O diéu kién dong lanh
(-20 + 1°C), gid tri U giam tit 1,0047 & 0,0481 (DO)
xudng 0,9878 £ 0,02715 (D7), tiép tuc gidm xudng
0,9486 4+ 0,02221 (D14) va 0,9501 = 0,01181 (D21).
O nhiét d6 lanh (4 + 1°C), chi s6 U thay d6i tit 1,0047
+ 0,0481 (D0) xudng 0,9942 + 0,00558 (D7), 0,9899
4 0,02027 (D14) v4 0,9818 + 0,01515 (D21). O nhiét
do phong (25 £ 2°C), chi s6 U thay déi tit 1,0047 +
0,0481 (D0) xudng 0,9935 + 0,01573 (D7), 0,9744 +
0,01852 (D14) va 0,9445 + 0,03181 (D21).
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Hinh 1: M6 hinh thiét k& 3D danh gia céac chi s6 U, Df, Pr. A: M6 hinh danh gia chi s U; B: Mé hinh danh gia chi s6

Df; C: M6 hinh danh gia chi sé Pr.
(A) (B)

MNhiét do
ddng lanh

Nhiét do
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Nhiét do
phong

D7

D14

D21

Hinh 2: Trang thai muc in B-GA trudc va sau khi bdo quan & cac nhiét d6 khac nhau. A: Trang thai muc in truéc khi
bao quan (D0); B: Trang thai muc in sau khi bdo quan (D7,D14, D21).

Két qua danh gia chi s6 U cho thiy muc sinh hoc B-
GA c6 kha nang duy tri do dong dang cua sgi muc in
trong sudt qua trinh bdo quan & tét ca cac diéu kién
nhiét do khao sat. Du chi s6 U c¢6 xu hudng giam
dén theo thoi gian, nhung sy bién thién nay khong
¢6 y nghia thong ké (p > 0,05), diéu nay cho thdy do
6n dinh tuong d6i ciia muc trong diéu kién bao quin
khéc nhau.

Ddnh gid chi sé6 Df

Trudce khi bao quan, gia tri Df ¢6 xu huéng tang khi
kich thuéc 16 in gidm. Cu thé, v6i kich thuéc 16 5 mm
x 5 mm, Df 1a 11, 1387 +£ 5,5659%, trong khi & 16

2mm X 2 mmvalmm X 1 mm, gid tri nay ting
1én 14n lugt 26,3750 =+ 5,4443% va 93,4667 + 4,9863%
(Hinh 6 va 7A), cho thdy muc d¢ bién dang ctia cac 16
nho cao hon so v6i 16 16n.

Sau qud trinh bdo quén, chi s6 Df ¢6 su thay d6i khac
nhau tiy theo diéu kién nhiét d6 (Hinh 7B, C, D). O
nhiét 46 dong lanh, Df ting theo thoi gian bédo quan,
dac biét 16 rang & cic 16 ¢6 kich thudc nho. Sau 21
ngay, gid tri Df ctia 16 5 mm X 5 mm ting 1én 25,1333
+ 4,9456%, 16 2 mm x 2 mm tang lén 52,1333 £+
3,4316%, trong khild 1 mm x 1 mm gan nhu bi hoa
1an hoan toan véi Df dat 99,1333 + 0,7572%. 0] nhiét
do lanh, sy thay d6i Df theo thoi gian it hon so véi
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Hinh 3: Kha nang tao soi ciia muc B-GA trudc va sau bao quan 21 ngay. A: Kha nang tao sgi clia muc in trudc khi
bao quan (DO0); B - Kha nang tao sgi ciia muc in sau thai gian bao quan (D7, D14, D21).

(A) (B) D7 D14 D21
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phong r Q ‘)u
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Hinh 4: Hinh anh sgi mycin trudc va sau 21 ngay bao quan dé xac dinh chi s6 U A: Sgi muc in ban dau (DO); B: Sai
muc in sau 21 ngay bao quan & cac diéu kién nhiét do khac nhau.
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Hinh 5: Biéu d6 so sanh chi s6 U trudcva sau bdo quan & cac diéu kién nhiét do khac nhau. ns: p > 0,05.
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Hinh 6: Hinh anh cu trac in theo mé hinh danh gia Df trudc va sau bao quan. A: Trudc khi bdo quén (DO); B: Sau

thai gian bdo quan (D7, D14, D21).

diéu kién dong lanh. Gia tri Df ctia hdu hét céc kich
thudc 16 chi dao dong nhe; tuy nhién, 16 2 mm x 2
mm va 1 mm x 1 mm van ghi nhin mdc ting, dat
lan lugt 33,9500 + 4,9672% va 99,1333 + 0,6110% vao
ngay thi 21. Trong diéu kién nhiét d¢ phong, Df cling
tang dan theo thoi gian bdo quan. Sau 21 ngay, gia tri
Df ctia 16 2 mm x 2 mm dat 46,3250 =+ 6,6298%, cao
hon so v6i nhiét d¢ lanh, trong khilé 1 mm x 1 mm
gan nhu bi hoa lan hoan toan véi Df dat 99,1000 +
0,9000%.

Nhin chung, dii liéu cho théy cac 16 in nho (2 mm x
2mmval mm X 1 mm) c6 gid tri Df cao ngay tii ban
dau va tiép tuc ting theo thdi gian bdo quan. biéu
kién nhiét d6 bao quan c6 anh hudng dén mic do 6n
dinh hinh hoc ctia 16 in, trong d6 mau béo quan &
nhiét d6 dong lanh va nhiét d6 phong c6 mic ting Df
16n hon, phan anh khé ning hoa 1an gitia cdc sgi muic
cao hon. Ngugc lai, miu bdo quéan & nhiét d6 lanh
duy tri gia tri Df thip hon trong suét thoi gian theo
doi, goi y kha nang bao tén hinh dang 16 in t6t hon so
v6i hai diéu kién con lai.
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Hinh 7: Biéu d6 so sanh chi sé hoa Ian (Df) trudc va sau bdo quan & cac nhiét do khac nhau. A: Truéc bdo quan; B:
Bao quan 7 ngay; C: Bdo quan 14 ngay; D: Bdo quan 21 ngay.

Panh gia chi sé Pr

Trude khi bdo quan, ciu tric in tit myc B-GA ¢6 hinh
dang tuong dong véi thiét k€ moé hinh Pr véi cac 16
in phan dinh r6 va khong c6 hién tugng hoa 1an gitia
cac s¢gi muc (Hinh 8A). Sau thoi gian bdo quan, cc
16 in vin dugc duy tri & ca ba diéu kién nhiét do, tuy
nhién c6 sy khac biét vé muc do 6n dinh hinh dang
(Hinh 8B). Cu thé, § nhiét d¢ lanh, hinh dang tdng thé
dugc bao toan tuong doi t6t so v6i thoi diém ban dau.
O nhém bao quan déng lanh, cfu tric c6 bién dinhe,
trong khi & diéu kién nhiét d¢ phong, ciu truc in c6
xu hudng tron hon vao ngay D21 thay vi giti dugc cac
gbc canh nhu thiét ké ban dau.

Két qua phén tich dinh lugng chi s6 Pr dugc trinh bay
trong Hinh 9. Tai thoi diém trude bao quan, chi s6 Pr
trung binh la 1,003 £ 0,0012. O dicu kién bdo quan
dong lanh, chis6 Pr gidm con 0,9196 £ 0,0125 tai D7,
0,925 £ 0,9008 tai D14, va 0,8469 + 0,0056 tai D21.
So v6i DO, mtc giam tai D21 la 0,1561 don vi, tuong
duong 15,6%. Su khéc biét c6 y nghia thong ké tai
D7 (p < 0,05) va rét c6 y nghia tai D21 (p < 0,001).
O diéu kién bao quan lanh, chi s6 Pr duy tri én dinh
qua céac thoi diém véi gid tri Prla 1,002 £ 0,0002 6 D7,
0,986 £ 0,0152 6 D14 va 0,908 £ 0,0227 6 D21, khong
ghi nhén su khac biét c6 y nghia théng ké gitia cic
thai diém nay so v6i DO (p > 0,05). O diéu kién bao
quan tai nhiét d6 phong, chi s6 Pr gidm dan tu 0,967

=+ 0,0054 (D7) dén 0,953 + 0,0282 (D14) va 0,8630 +
0,0074 tai D21. So v6i DO, gid tri tai D21 giam 0,140
don vi, tuong duong 13,9%. Su khac biét c6 y nghia
thdng ké tai D7 (p < 0,05) va D21 (p < 0,01). Téng
hgp két qua cho thiy chi s6 Pr giam theo thoi gian &
diéu kién dong lanh va nhiét d6 phong, v6i mic giam
rd nhat & nhém dong lanh. Trong khi d6, & diéu kién
lanh, chi s6 Prkhong c6 su thay d3i dang ké trong suét
thoi gian bao quén.

THAO LUAN

Nhiét d¢ va thoi gian bdo quan la hai yéu t6 quan
trong anh hudng dén tinh chat ctia muyc sinh hoc B-
GA. Gelatin, thanh phan chinh cia muc B-GA, 1a mét
hydrogel nhay nhiét, c6 qua trinh gel héa phu thudc
vio nhiét d6”. Céic nghién ctiu trudc day da chi ra
rdng d6 dan hoéi ctia gel gidm khi nhiét d6 ting va ciu
tric gel bén viing hon & nhiét d¢ thip hon®. Trang
thai gel 6n dinh gitp muc in duy tri kha ning tao s¢i
va dam bdo do chinh xé4c ctia cdu trdc in theo thoi
gian. Bén canh yéu t6 nhiét do, ban chdt cta vét liéu
sinh hoc ciing déng vai tro quan trong trong tinh 6n
dinh ctia muyc in. Gelatin va alginate hinh thanh cdu
truc gel thong qua cac lién két hydro va lién két ion véi
cation Ca?* 7. Do dic tinh hydrogel, nhiing vat liéu
nay chtta mét lugng nudc dang ké trong ciu truc, lam
tang nguy cd pha v& lién két néu diéu kién bdo quan
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Hinh 8: Hinh anh cdu trdc in theo mé hinh danh gia Pr trudc va sau bdo quan. A: Trudc khi bdo quan (DO); B: Sau
thai gian bdo quan (D7, D14, D21).

*k

ns

ok

ns

ns

ns

Trudic khi bao quan
Nhigt dd dong lanh
Nhiét diy lanh

0.7 Nhi¢t d phong

Chi sé Pr
g

0,5

Do D7 D14 D21

Hinh 9: Bi€u d6 chi s8 Pr trudc va sau béo quan. *: p < 0,05; **: p < 0,01; ****: p < 0,0001; ns: p > 0,05. Hai dudng
dut doan tir 0,9 dén 1,1 biéu thi ngudng gia tri t6i uu cta chi sé Pr.
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hoédc méi trudng in khong pht hop. Khi cac lién két
bi suy yéu, tinh 6n dinh ctia muc gidm, dan dén sy
gia tang chi s6 Df va lam anh huéng dén d¢ chinh xac
cua cdu tric in. Ngugce lai, néu lién két gel dugc duy
tri t6t, chi s6 Df gitt & mdc thép, gitp muc in tai tao
hinh dang mong mudn mét cach chinh xéc hon.

Khi bao quan & nhiét d6 lanh (4 £ 1°C), chi s6 Df
it bién d6i theo thoi gian, gitp duy tri hinh dang ban
dau ctiald in. Sau 21 ngay bao quan, gia tri Pr van nam
trong khodang t6i wu (Pr = 0,908 + 0,0227), chiing to
muc in van gitt dugc kha ning tao ciu truc 6n dinh.
Ngoai ra, kha ndng duy tri lién két trong muc t6t hon
so v6i cac diéu kién khdc giup gidm hién tugng hoa
14n gitia cdc sgi muc, ddm bao tinh chinh xdc cta ciu
truc in theo thdi gian. Ngudgc lai, khi bao quan & nhiét
d6 phong, chi s6 Df c6 xu hudng ting nhanh hon, dac
biét & cac 16 in nho. Khi thoi gian bdo quan kéo dai,
lién két phén tli trong muc bi suy gidm, lam gidm kha
néang chong chiu trong luc, ddn dén sy lan rong cua
muc sau in. VAy, sau 21 ngay, cdu tric in ¢é xu huéng
mdt 6n dinh, cdc dudng myc hoa lan tai cdc diém giao
nhau, khién méu in kém tuong dong véi mo hinh thiét
ké ban ddu. Trong khi d6, & diéu kién dong lanh, mac
dut myc van duy tri trang théi gel, chi s6 Df van ting
theo thdi gian. Quan sét tryc ti€p sau khi 14y mau khoi
tt dong cho théy sy xuit hién ctia tinh thé bang trong
khéi muc, c¢6 thélién quan dén hién tugng dong bing
nudc ty do trong cdu tric hydrogel. Diéu nay c6 thé
lién quan dén sy thay d6i vi ciu tric trong qud trinh
dong bang va ra dong. Khi dong lanh kéo dai, sy hinh
thanh tinh thé bang lam suy giam mot s6 lién két hy-
dro va lién két ion trong gel, gay tai sip xép lai cc
chuéi polyme va lam giam d¢ nhét ctia myc'?. He
qua 1a cdu truc tré nén kém 6n dinh hon, dan dén sy
lan réng ctia muc sau in, lam tdng gia tri Df va anh
hudng dén do chinh xdc ctia san phidm in 3D. Nhin
chung, so sanh gitia ba diéu kién bdo quan cho thiy
nhiét d6 lanh (4 £ 1°C) la lya chon t6i vu nhdt, gitp
duy tri t6t nhét tinh chit ctia muc sinh hoc B-GA. o]
diéu kién nay, chi s6 Df thip nhat va cdu trac in git
nguyén hinh dang so véi thi€t ké ban dau trong sudt
21 ngay bao quan. Ngugc lai, bdo quan & nhiét do
phong hodc dong lanh déu dan dén sy suy gidm chit
lugng cua muc, lam gidm d¢ chinh xdc cta cu truc
in.

Nhu vay, da xdc dinh dugc diéu kién nhiét do bao
quén t6i uu, tuy nhién van ton tai mot s6 han ché.
Thi nhit, thoi gian theo doi giéi han trong 21 ngay
chua cho phép danh gia kha nidng bao quan dai han
ctia muc B-GA. Cén ¢6 cdc nghién ctiu tiép theo mé
rong thai gian dénh gid d€ xdc dinh kha néing duy tri

chatlugng muc trong thoi gian dai hon. Thi hai, chua
phén tich co ché gay suy giam kha ndng in va cac thay
d6i tinh chat luu bién, d6 nhdt, tuong tic thanh phan
trong qué trinh bdo quan. Ngoai ra, ciing cin kiém tra
kha néng duy tri tinh tuong thich sinh hoc va ho trg
t€ bao ctia muc sau bao quan d€ ddm béo tng dung
hiéu qua trong in 3D.

KET LUAN

Muc in B-GA ¢6 thé duy tri khé néng in sau khi dugc
bao quan ba diéu kién nhiét d6 khac nhau trong mot
khoang thoi gian nhat dinh. O nhiét do phong (25 +
2°C) va nhiét do dong lanh (-20 £ 1°C), cac chi s6
lién quan dén kha ning in ctia muc B-GA (U, Df, Pr)
dugc duy tri tot trong 14 ngay déu, tuy nhién c6 sy
suy gidam nhat dinh vé hinh dang sg¢i muc in sau 21
ngay. Ngugc lai, & diéu kién bao quan lanh (4 £ 1°C),
muc in B-GA c6 thé duy tri trang théi 6n dinh dén 21
ngay, vdi cac chi s6 vé kha nang in U, Df khong thay
d6i dang ké va chi s6 Pr khong c6 su khdc biét c6 y
nghia théng ké so vdi thoi diém trude bao quan (Pr =
0,908 =+ 0,0227). Két qua nay cho thdy nhiét 4o bao
quén lanh (4 £ 1°C) 1a diéu kién bao quan pht hgp
dé kéo dai thai gian st dung ctia myc B-GA 1én dén
21 ngay ma khong anh hudng dén kha ning in.

DANH MUC CAC TU VIET TAT

3D (three-dimension): ba chiéu

-GA: myc sinh hoc gelatin-alginate

Df (Diffusion rate): chi s6 d6 hoa lan

Pr (Pore Printability): chi s6 khé ning in 16
U (Uniformity): chi s6 dong dang

LO1 CAM ON

Nghién ctiu dugc tai trg bsi Dai hoc Qudc gia Thanh
phé H6 Chi Minh (PHQG-HCM) trong khuon khé
DéE tai ma sd B2023-18-09.

XUNG POT LOI iCH

Nhom téc gia dong y rang khong c6 bat ky xung dot
lgi ich nao lién quan dén cac két qua da cong bé trong
bai bao.

PONG GOP CUA TAC GIA

Phan Thi Hiéu Nghia dua ra y tudng nghién ctiu, lap
ké hoach nghién ctiu, thuc hién thi nghiém, viét va
chinh stia ban thdo. Tran Thi Mai Trinh thuc hién
thi nghiém, thu thép va xt ly di liéu. Tradn Ngoc
Quyén déng gop y kién, nhan xét va chinh sta ban
thao. Tran Lé Bao Ha dinh hudng nghién ctu, dua ra
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Effect of storage temperature on the printability of the gelatin-
alginate bioink

Phan Thi Hieu Nghia'23*, Tran Thi Mai Trinh?3, Tran Ngoc Quyen?, Tran Le Bao Ha'%3

AT ABSTRACT
Ry Bioink is a fundamental component of three-dimensional (3D) printing technology, exerting a di-
LB 50 o rect influence on the overall quality, precision, and structural integrity of printed biological con-
Use your smartphone to scan this structs. Among various factors influencing printing outcomes, printability is a key determinant for
QR code and download this article success, as it impacts the precision of printed structures, the consistency of filament formation, and

the ability to maintain the correct shape throughout the printing process. The printability of bioink
is influenced not only by its composition but also by external conditions, particularly the storage
temperature. Therefore, evaluating the impact of storage temperature on bioink printability is es-
sential. This paper presents the evaluation of the effects of three different storage temperature

"Laboratory of Tissue Engineering and conditions on the printability of gelatin-alginate B-GA bioink over a period of 21 days. These con-
Biomedical Materials, University of ditions included freezing at -20 4= 1°C, refrigeration at 4 & 1°C and storage at room temperature
Science, Ho Chi Minh City, Vietnam of 25 = 2°C. The printability was assessed by examining various parameters, including the state of
*Department of Animal Physiology and the bioink, the ability to form continuous filaments, the uniformity factor (U), the diffusion rate (Df)
Biotechnology, Faculty of Biology - and the effectiveness of pore formation (Pr). The results showed that the printability of B-GA bioink
Biotechnology, University of Science, Ho remained stable during the first 14 days under all three tested storage conditions. However, after
Chi Minh City, Vietnam 21 days, a significant decline in printability was observed in the cases of freezing and room tem-

perature conditions, proven by the decrease in Pr values of 0.8469 =+ 0.0056 and 0.8630 =+ 0.0074,
respectively. In contrast, refrigeration at 4 4+ 1°C allowed the B-GA bioink to retain its printability
consistently throughout the entire 21-day period, with a Prvalue of 0.908 4 0.0227. Therefore, in the
“Institute for Applied Materials Science, test, storing B-GA bioink at 4 4= 1°C was the most effective condition for preserving its printability
Vietnam Academy of Science and over 21 days.
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