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TOM TAT

In 3 chiéu (3D) sinh hoc d& va dang trd thanh cong cu hitu hiéu trong ky nghé mé, iing dung trong
y hoc ti tao va thir nghiém thuéc. Mot trong nhiing Ung dung phd bién clia phuong phap in 3D
sinh hoc la khung nang dé té bao, cé vai trd dinh hudng cho su tang sinh cda té bao va mé mdi.
Phuong phap nay ¢ uu diém vé rit ngan thdi gian ché tao va kiém soét thong sé. Trong phuong
phép in 3D sinh hoc, muc in sinh hoc dnh hudng tryc tiép dén tinh chat sdn phdm tao thanh. Bai
bao trinh bay, gelatin dugc két hap véi nhom chét hydrocolloid trong viéc ché tao muc in dé dat
dugc dac tinh co hoc va ddc tinh sinh hoc gitip cai thién kha nang in. Nong do t6i uu clia gelatin
va hydrocolloid trong muc in dugc xac dinh théng qua khao sat kha nang in va doc tinh té bao in
vitro. Két qua cho thdy muc in thé hién do nhét phu hop cho qué trinh in ép dun 3D, c6 thé tao
dugc md hinh khung nang dg don I6p va da I&p. Trong méi truong in vitro, muc in dat d6 truong
nudc téi da sau 2 gid va cau trdc in ¢ thé duy tri hinh dang sau 7 ngay. Muc in khéng gay déc cho
té bao sau danh gia doc tinh tiép xuc truc tiép va doc tinh gian tiép. Cac két qua nay chi ra muc
in tir gelatin phoi trén hydrocolloid gém gellan gum, guar gum va xanthan gum thé hién céc dac
tinh pht hgp cho qua trinh in 3D sinh hoc, day la tién dé cho nghién ctu tiép theo nham ting dung
trong ky nghé mé.

Tu khoa: Doc tinh té bao in vitro, gelatin, hydrocolloid, in ba chiéu (3D), khd nang in, muc in sinh

hoc

MG PAU

Ky nghé moé la mot nganh khoa hoc dang dugc cha y
hang d4u hién nay bdi tinh tng dung cao trong viéc
mo phong cdu tric mo, co quan cta co thé. Trong
nghién ctiu ché tao mo in vitro, khung nang dd c6 vai
tro dinh huéng cho sy bam dinh, ting sinh cta té bao
va phét trién mo méi 2. Hién nay, in 3D sinh hoc 12
ky thuat hd trg tao hinh khung ning d& quan trong
trong ki nghé mo, cho phép mo phong hinh dang
cdu truc mo ty nhién mong mudén. Ngudn nguyén
liéu cho in 3D sinh hoc dugc goi 1a muc in sinh hoc
(bioink), anh hudng truc ti€p dén chit lugng khung
néng d& tao thanh. Mot loai muc in sinh hoc Iy tudng
can dam bao vé€ kha ning in va dic tinh tuong thich
té bao. Gelatin la vat liéu ché tao muc in sinh hoc phd
bién hién nay do céc dic tinh nhu kha nang phéan huy
sinh hoc, kha ning hé trg sy bam dinh va ting sinh
ctia t&€ bao. Tuy nhién, gelatin thé hién d6 bén co tinh
han ché?, do cdu tric clia gelatin thi€u cac lién két
manh khi bién tinh tii collagen thtty phan*. O'khoang
trén 30°C, gelatin ton tai 6 dang dung dich, cic lién
két trong phén tt gelatin va nudc 10ng 1éo, khong co
kha ning duy tri hinh dang ctia khung nang d&*. Dé

cai thién kha nang in, gelatin can két hgp véi cac hop
chit tao gel va dinh hinh trong qu4 trinh ché tao muc
in.

Hydrocolloid la nhém polymer tu nhién, c6 kha nang
tao ra hén hgp c6 do nhét cao hoic tao gel dinh
hinh 6 néng d6 thap khi hoa tan trong nudc. Ngoai
ra, cac chdt trong nhom hydrocolloid c6 tinh tuong
thich sinh hoc, kha nang phan huy sinh hoc, da dang
vé nguén gdc va khong gay doc cho té bao®. Trong
do, gellan gum, guar gum va xanthan gum cé kha
ning dinh hinh t6t°8, nh& vao viéc hinh thanh lién
két hydro véi nudc d€ tao thanh mang ludi gel va c6
dd nhét phtt hgp cho in ép dun 3D. Xanthan gum
c6 do nhdét tot, tuy nhién ciu truc clia né tré nén
16ng léo khi nhiét d¢ ting®. Guar gum c6 do nhét
thip hon xanthan gum nhung cé dic tinh luu bién
(thixotropy), do d6 c6 thé diéu chinh d6 nhét mong

muén cho hén hgp trude khi in!'?

. Gellan gum c6
nhiét d6 chuyén pha cao trong khoang 60-80°C, gitip
ca thién hinh dang khung in & nhiét d6 sinh Iy'!.
Gelatin da dugc nghién ctu két hgp véi gellan gum,
guar gum va xanthan gum dé€ ché tao muc in sinh
hoc, tuy nhién con gi6i han & riéng ré tiing chat va di
kém véi ap dung cac hoa chit tao lién két chéo, nhu
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borax (gelatin-guar gum) '2, glutaraldehyde (gelatin—
xanthan gum)®, CaCl, (gelatin-gellan gum) '*. Duya
vao cdc dic tinh uu thé cta tiing hgp chit, viéc phdi
tron gelatin trén nén hén hgp xanthan gum, guar
gum, gellan gum du kién c6 thé khac phuc han ché
clia mbi chit riéng biét. Xanthan gum va guar gum
gilp gia ting do nhaét d€ tao dugce dang gel phu hgp
cho qué trinh thuc hién in 3D sinh hoc. Xanthan gum
va gellan gum déu la cac hgp chit c6 nhiét do chuyén
pha (dang gel-sol) cao, do d6 c¢6 kha nang dinh hinh,
duy tri hinh dang cho khung ning d&. Guar gum véi
déc tinh thixotropic néi bat sé gitip cho muc in c6 thé
diéu chinh d¢ nhét phtt hgp cho qua trinh in thong
qua viéc tac dong ngoai luc. Trong phéi tron muc
in, gelatin va cac hgp chdt trong nhém hydrocolloid
déu chita géc hydroxyl trong cdu truc phén tt, do d6
ching c6 thé tao lién két hydrogen khi tiép xtc véi
nhau va véi nuéc d€ hinh thanh dang gel »'>!4. Tuy
nhién, cac nghién ctiu két hgp gelatin v6i nhom hy-
drocolloid d€ tao khung nang d& cho té bao van con
han ché va chua c6 cong b6 vé nong do phu hgp dé
tao muc in sinh hoc. Vi véy, bai bdo trinh bay muc
tiéu ctia thuc nghiém la tao dugc muyc in két hgp tu
gelatin va hydrocolloid c6 thé gitp cai thién kha néing
in va d¢ dinh hinh ctia myc in, d6ng thoi ddm béo an
toan vdi té€ bao.

VAT LIEU VA PHUONG PHAP

Vat liéu

Gelatin (Sigma-Aldrich, Hoa Ky), Xanthan gum (Xnt)
(Now Real Food, Hoa Ky), Guar gum (GG) (Now
Real Food, Hoa Ky), Gellan gum (GL) (BOSE, Trung
Qudc), dung dich mudi dém phosphate (PBS) (Sigma-
Aldrich, Hoa Ky) dugc st dung trong ché tao muc in.
Té bao nguyén bao sgi chudt L929 (ATCC, Hoa Ky)
dugc nuodi cdy trong moi trudng nudi cdy day du
bao gébm moi trudng co ban DMEM-F12 (Sigma-
Aldrich, Hoa Ky) c6 b8 sung huyét thanh bao thai
bo 10% (Sigma-Aldrich, Hoa Ky) va khang sinh peni-
cillin 100 UI/mL, streptomycin 100 pg/mL (Sigma-
Aldrich, Hoa Ky) d€ danh gia doc tinh té€ bao.

Phuong phap chuan bi hén hgp hydrocol-
loids

Ba hgp chit ctia nhém hydrocolloid bao gém gellan
gum (GL), guar gum (GG) va xanthan gum (Xnt)
dugc phdi tron véi nhau d€ tao ra hén hgp c6 kha
nang in. Cac hgp chat dugc thém lan lugt vao dung
dich PBS 1X, hén hgp dugc khudy dén khi tan hoan
toan. Sau d6, hén hgp duge hdp khti trung ¢ 121°C.
Hai nhém nghiém thtic dugc khao sat gom: GL1-
GG1-Xntl (gellan gum 1%-guar gum 1%-xanthan

gum 1%) va GL0,5-GG0,5-Xnt0,5 (gellan gum 0,5%—
guar gum 0,5%-xanthan gum 0,5%). Cac nhém phoi
tron dugc danh gid doc tinh d6i véi t€ bao in vitro va
danh gia vé kha nang in & nhiét do phong thong qua
trang thai dudng muc d€ tim ra néng d6 t6i uu cua
hén hgp.

Phuong phap két hgp gelatin va hén hop
hydrocolloids

Sau khi c6 két qua danh gid doc tinh va kha nang
in, hén hgp hydrocolloid c6 ndng d6 t6i vuu dugc lya
chon dé két hop véi gelatin 3% tao muc in sinh hoc®.
Tuing hgp chét dugc thém l4n lugt vao dung dich PBS
1X va khudy tan hoan toan theo thi ty gellan gum,
guar gum, xanthan gum va gelatin d€ tao muc in. Sau
d6 muc in dugc hédp khi trung 6 121°C. Muc in dugc
danh gia vé kha ning in khung ning d& don l6p va da
16p & nhiét d6 phong.

Phuong phap danh gia kha nang in bing ky
thuat ép dun

Muc in dugc in thanh cic cdu tric khung nang 46
bing mdy in 3D BioX (Cellink, Thuy Pién) vdi cac
thong s6 clia may in: luu lugng dong chay: 0,3 uL/s;
van t6¢ ddu in: 15 mm/s. M6 hinh khung in dugc
thiét ké véi cac thong s6: chi€u cao 2 mm; chiéu dai
18,25 mm; chiéu rong 18,25 mm; kich thuédc sgi muc
0,25 mm va dién tich 16 réng 4 mm?. Hinh théi khung
néang d& tao thanh dugc so sanh v6i mé hinh ly thuyét
dé dénh gid trang thdi dudong muc va kha ning in ciu
tric 16 (chi s6 Pore Printability, Pr) '°, déng thoi so
sanh v6i cac thong s6 thiét ké ctia m6 hinh nhu chiéu
cao, chiéu dai canh, kich thudc sgi muc va dién tich

16 rong.

Phuong phap danh gia déc tinh té bao in
vitro

Ddnh gid déc tinh tiép xuc truc tiép

Céc méu thi nghiém dugc déanh giéd doc tinh tiép xac
truc tiép vai té bao L929 theo tiéu chudn ISO 10993-
516, T& bao 1929 dugc chuan bi véi mat do 5°10% t&
bao/giéng cua dia 6 giéng. Cac mau dugc dic khéi va
cit thanh cdc khéi nho theo kich thuée 17170,5 (cm).
Khi t€ bao phtt > 80% bé mit giéng nudi, cac khéi
gel dugc dit vao giéng va nuoi té bao trong diéu kién
37°C, 5% CO;. Véi nhém chiing duong la cao su la-
tex va chiing 4m 1a mai trudng nuoi cdy. T€ bao dugc
nhuém crystal violet 0,5% va quan st bing kinh hién

vi ddo ngugc sau 24 gid dit mau.
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Ddnh gid déc tinh gidn tiép

Thtt nghiém MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide] dugc thyc hién nhim
xdc dinh ddc tinh cta dich chiét tit mau thi nghiém
dé6i véi t€ bao 1929 dua trén tiéu chuin ISO 10993-
5, trong dia nuoi 96 giéng. Mau dugc dic khdi va
ngam theo t 1& 1,5 cm?/mL moi trudng nudi ciy té
bao. Sau khi t&€ bao phti 80% bé mit giéng nudi, dich
chiét dugc b6 sung vao giéng, véi ddi chiing 4m 1a moi
truong nudi cdy va doi chiing duong 1a mdi trudng
nudi cdy bé sung DMSO 20%. Sau 24 gid, t t€ bao véi
MTT 0,05 mg/mL trong 4 gi6 & diéu kién 37°C. Cac té
bao s6ng tao thanh tinh thé formazan va dugc hoa tan
bang dung dich ethanol/DMSO sau khi loai b6 hoan
toan MTT. Dung dich thit nghiém dugc do d6 hap thu
quang hoc (OD) & budc séng 570 nm. Toc do ting
trudng tuong d6i (RGR) dugc tinh theo cong thic:
%RGR = (OD mau nghiém thic)/(OD mau ching
am) x 100%. Theo ISO 10993-5, mau thu nghiém
dudgc cho 1a khong gay ddc cho té€ bao khi gia tri %
RGR tli 70% tr& lén 7.

Phuong phap do d6 nhét

Miu muc in dugc gia nhiét d€ dat trang thai gel dong
nhdt va duy tri § nhiét d6 phong khoang 10 phut trudc
khi khdo sat. Miu muyc in dugc do do nhét bing
may do Brookfield DV-III (My) & nhiét d6 phong.
Khoang thoi gian do trong 0,1 gidy va téc 46 quay 0,1
vong/phut.

Phuong phap khao sat dac tinh co ly cia
mucin
D6 truong nu'dc

Muc in dugc duc khéi va cit thanh cac khoéi gel nho
theo kich thuéc 1°0,5°0,5 (cm) va ngam trong dung
dich PBS 1X ¢ 37°C (ty 1¢ 1,5 cm?/mL). Cac khéi gel
dugc can va ghi nhin két qua & cic thoi diém: 0 gio,
0,5 gig, 2 gi6,24 gio. Do truong nudc clia muic in dugc
danh gid dua trén sy thay d6i khdi lugng cdc khoi gel.
Thoi diém trudce khi ngdm dugc coi 1a méc 100%.

Kha ndng duy tri hinh dang

Muc dugc in bang méy in 3D BioX dé€ tao thanh dang
khung theo thiét ké. Khung in dugc duy tri & nhiét do
phong trong 10 phut d€ dinh hinh. Sau d6, khung in
dugc ngam trong dung dich PBS 1X va duy tri ¢ diéu
kién 37°C. Dung dich PBS 1X dugc thay méi sau méi
2 ngay. Su thay déi vé hinh dang ctia khung in dugc
ghi nhén & céc thai diém: ngay 0, ngay 1, ngay 3, ngay
7.

Phuong phap phan tich dir liéu

Céc hinh anh thu thap dugc xt ly bing phin mém
Image] d€ ghi nhén s6 liéu va xti Iy thong ké bang phan
mém GraphPad Prism 9.5.0. S& liéu dugc thyc hién
so sanh théng ké theo kiém dinh Anova one-way va t-
test v6i p-value < 0,05 thé hién sy khdc biét c6 y nghia
thong ké.

KET QUA

K&t qué khao sat do an toan cia hén hop hy-
drocolloid

Cac nhém phdi tron GL1-GG1-Xntl va GLO,5-
GGO,5-Xnt0,5 dugc khao sat do an toan thong qua
tht nghiém danh gia doc tinh truc tiép, danh gid dugc
thuc hién véi dong té€ bao L929 (Hinh 1). O nhém
chiing duong st dung cao su latex, t€ bao bong troc
& ving ria va bén ngoai mau (Hinh 1D). Nhém GL1-
GG1-Xntl cing ghi nhan hinh théi t€ bao co tron,
bong khoi bé mit dia nuoi (Hinh 1B). Nhém GLO,5-
GGO0,5-Xnt0,5 cho thdy t€ bao c6 hinh dang thu6n
dai, s6ng va bam trai trén bé mit dia nuéi (Hinh 1C),
hinh thai té bao & nhém nay tuong ty nhu ¢ nhém st
dung méi trudng nuéi cdy (Hinh 1A).

K&t qua khao sat kha nang in cta hén hop
hydrocolloid

Ca hai nhém khdo sat déu c6 thé dugc chiét xudt qua
voi in va tao sgi dudi voi bang cich in ép dun. Thanh
phan va nong d6 két hgp khdac biét c6 xu hudng anh
hudng dén mic d dong déu va hinh thai dudng muc
in (Hinh 2). Trong d6, nhém GL1-GG1-Xntlcho
thdy kha nang tao sgi kém hon, s¢i muc khong lién
tuc, ddu voi ¢ giot do trang thai gel hod thip, dudng
muc in gé ghé (Hinh 2A, B). Nhém GL0,5-GGO0,5-
Xnt0,5 c6 kha nang in t6t hon, tao dugc sgi thing dai
trén khong va trang thai dudng muyc 6n dinh, dong
déu khi in trén bé mit (Hinh 2C, D). Dya vao két qua
doc tinh té bao in vitro va kha nang in ctia hén hgp,
nhém GL0,5-GG0,5-Xnt0,5 dugc lya chon két hop
v6i gelatin 3% d€ ché tao muc in va danh gia cac dic
tinh clia muc.

Két qua danh gia tinh an toan in vitro cta
muic in sinh hoc tir gelatin két hop hén hop
hydrocolloid

Déc tinh tiép xuc truc tiép

Trong thi nghiém d¢c tinh tiép xuc truc tiép, & giéng
muc in, t€ bao c6 hinh dang thudén dai va bam trai
déu trén bé mit giéng & ca 3 vi tri: bén dudi mau, bén
ngoai mau va vi tri ria mau tuong tu nhu giéng ching
am (Hinh 3A, C). Trong khi do6, 6 giéng chiing duong,
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Hinh 1: Két qua danh gia doc tinh ti€p xuc truc ti€p clia cac hén hop phdi trén. A: Ching am (moi trudng nudi
cdy); B: GL1-Xnt1-GG1; C:GLO,5-Xnt0,5-GGO0,5; D: Chiing duong (cao su latex; *: ving dat mau danh gia.

cdc té bao ¢ dang co tron va bong troc ra khoi bé mit
giéng (Hinh 3B).

Ddnh gid déc tinh gidn tiép
Ty 1é t€ bao séng ¢ nhém phoi tron 1a 98,5 £ 5,4%.
cho thdy muc in khong gay doc cho té€ bao (Hinh 4).

K&t qua thi nghiém kha ndng in cila mucin
sinh hoc tur gelatin két hop hén hop hydro-
colloid

Muc in ti gelatin 3% va hén hgp GLO,5-GGO,5-
Xnt0,5 cho thdy kha nang dinh hinh t6t (Hinh 5A)
va tao s¢i dai (Hinh 5B) dong thdi c6 thé in mé hinh
don 16p hoan thién cdc cdu tric 16 khong bi hoa lan
hoan toan (Hinh 5C). Sau d6, muc in dugc st dung
dé in khung ning d& da 16p theo mo hinh 6 vudng véi
dudng kinh 16 2 mm. G mo hinh nay myc in c6 biéu
hién hoa 1an vao nhau lam mat mot phan ciu tric 16
(Hinh 5D).

Chiéu cao ctia khung in 13 2,036 £ 0,085 mm; chiéu
daix chiéu rong: 18,45+ 0,13 mm "18,81 & 0,35 mm;
kich thudc sgi muc: 1,068 4= 0,28 mm va dién tich 16
rong: 0,88 + 0,16 mm?. Chi s6 Pr trung binh clia mé
hinh 13 0,93 + 0,04 va duy tri qua cic l4n in.

Két qua khao sat dé truong nudc va d6 nhét

Sau 0,5 gid, khoi muyc khong co sy thay d6i vé ti 1é
truong nudc cé y nghia thong ké (121,8 + 4,35%) khi
so v6i m6c 0 gid (119,4% + 1,9%). Su thay d6i xay ra
6 moc 2 gio (143 £ 14,7%), sau d6 ti 1é truong nudc
khong c6 sy khac biét vé mit thong ké cho dén méc 24
gio (152,9 £ 3,6%) (Hinh 6). Két qua do do nhét ctia
muc in qua cac 14n do 14n lugt 14 10966,6 + 938,8 cP
(n=5), két qua phan tich s6 liéu cho thdy gitia cac 14n
do két qua do nhét khong cé su khac biét c6 y nghia
thong ké (Hinh 7).

Kha ndng duy tri hinh dang

Muc in dugc in dang khung dé€ danh gia kha ning
duy tri hinh dang. Nhin chung, hinh dang khung in
khong thay d6i sau 7 ngdy quan sat (Hinh 8). Kich
thuéc canh ctia khung in ciing khong cho thdy sy khac
biét thong ké theo tiing méc thoi gian (don vi: ngay):
18,45+ 0,11 mm; 19,06 & 0,58 mm; 18,81 £ 0,47 mm;
18,79 + 0,21 mm (Hinh 9).
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Hinh 2: K&t qua danh gia trang thai dudng muc ctia cac hén hgp phéi trén. A, B: GL1-GG1-Xnt1;C, D: GLO,5-
GGO,5-Xnt0,5.

Hinh 3: K&t qué danh gia doc tinh ti€p xuc tryc ti€p ctia muc in. A: Chliing 4m (moi trudng nudi cdy); B: Chiing
duong (cao su latex); C: Muyc in.
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Hinh 4: Ty Ié té€ bao s6ng trong danh gia doc tinh gian ti€p ciia myc in. MTNC: méi trudng nudi cdy; Mau: Nhém
phdi tron; *: cé su khac biét vé mat thong ké (p < 0,05); ns: khong c6 su khac biét c6 y nghia vé mat théng ké (p >

0,05).

Mitcét khongin

Hinh 5: K&t qua in 3D clia mau muc in. A: B& day khéi muc; B: Chiéu dai sgi muc tao thanh; C: Khung muc sau 1

16p in; D: Khung muc sau 4 I6p in.

BAN LUAN

Tinh tuong hop d6i véi té€ bao la diéu kién tién quyét
trong viéc danh gid mot vat liéu sinh hoc phuc vu cac
thi nghiém trén t& bao hay dinh huéng ting dung lam
sang. Céc hgp chit hydrocolloid dugc khao sat dé tim
ra nong do phtt hgp khong gay doc cho té bao khi két
hop v6i nhau. Két qua danh gid doc tinh truc tiép
cho thdy trong hai nhém nghiém thic, nhém gellan
gum 0,5%-guar gum 0,5%-xanthan gum 0,5% (GLO,5-
GGO0,5-Xnt0,5) khong gay doc cho té bao, trong khi

nhém gellan gum 1%-guar gum 1%-xanthan gum 1%
(GL1-GGI1-Xntl) gay doc lam té bao co lai va bong
troc mot phan khoi bé mat dia nuoi.

Kha nédng in 13 déc tinh thiét yéu cia muc in sinh hoc
dé tao thanh san phdm cudi ciing. Gelatin la vét liéu
dugc stt dung phé bién d€ ché tao muc in, tuy nhién
dd nhdét thip clia né anh hudng dén kha ning dinh
hinh cu tric khung in tao thanh. Vi viy hén hgp dé
két hop véi gelatin phai ¢é kha ning in va dinh hinh
tot. Trong két qua danh gid kha nang in ctia hai nhém
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Hinh 6: Két qua ty lé truong nudc ctia muc in. *: c6 su khac biét vé mat théng ké (p < 0,05); ns: khéng cé su khac
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Hinh 7: K&t qua do do nhét ctia muc in. ns: khéng cé su khac biét c6 y nghia vé mat théng ké (p > 0,05).
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Ngay 0 Ngay 1

Ngay 3 Ngay 7

Hinh 8: K&t qua danh gid sy duy tri hinh dang ctia phéi tron dang khung in.
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Hinh 9: Kich thuéc céc canh khung in qua cac m6c thai gian quan sat. ns: khong cé su khac biét cd y nghia vé mat

théng ké (p > 0,05).

hén hgp phéi tron hydrocolloids, nhém phdi tron
GL0,5-GGO,5-Xnt0,5 cho thdy kha ning tao sgi muc
tot hon so v6i nhom GL1-GG1-Xntl véi trang théi
dudng muc lién lac, dn dinh. Vay nén, GL0,5-GGO,5-
Xnt0,5 dugc xem la ti 1¢ t6i uu d€két hgp cung gelatin.
Muc in két hgp tit phéi tron gellan gum 0,5%-guar
gum 0,5%-xanthan gum 0,5% va gelatin 3% (GLO,5-
GGO0,5-Xnt0,5 -Gel3) dugc stt dung d€ in m6 hinh
dang khung. D¢ nhét 1a thudec do kha ning chéng
dong chéy ctia muc in, anh hudng dén hinh dang, ciu
tric ctia khung in va kha nang s6ng sét ctia té bao. Do
nhét ctia muyc in ndm trong khodng phit hop cho muc
in 3D sinh hoc 14 300-30.000 cP '8, nhu vay muc in c6
kha néng in tot.

Kha ning duy tri hinh dang cta san phim in 1a diéu
can thiét, khi tién hanh cdy t€ bao vao khung in, té bao
6 thé tiép xuc v6i moi trudng va dinh dudng d€ séng
va ting sinh *. Khung nang d tit muyc in c6 kha ning

duy tri hinh dang trong vong 7 ngay. Kha nang duy tri
hinh dang ctia khung in tit muc GLO,5-GGO0,5-Xnt0,5-
Gel3 tuong quan véi khung in tit myc gelatin va xan-
than gum duy tri dugc 1 tudn trong nghién ctiu cta
Piola va cong su®. bong thoi, myc in GL0,5-GGO,5-
Xnt0,5-Gel3 khong gay doc té bao in vitro & ca thu
nghiém doc tinh tiép xtc tryc ti€p va gian tiép, ching
minh muc in ¢é tinh an toan in vitro. Véi cc dic tinh
clia muc in trong nghién ctiu nay, myc c6 du tiém
nang d€ huéng t6i cac ting dung trong kj nghé moé
nhu tao gid thé nudi cdy té€ bao 3D hay in mé phong
cdu trac mo.

KET LUAN

Gelatin 3% phdi trén v6i hén hgp hydrocolloid gém
gellan gum 0,5%-guar gum 0,5%-xanthan gum 0,5%
tao thanh muc in c6 ddc tinh t6t v6i dudng muc lién
lac va c6 cac dic tinh co ly phtt hgp véi muyc in sinh
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hoc. Pdng thdi, muc in nay c¢é kha nang tuong hop
t€ bao, co tiém nang st dung nhu gid thé cho t€ bao
nhdm tGng dung trong ky nghé mo.

DANH MUC CAC TU VIET TAT

Xnt: Xanthan gum

GG: Guar gum

GL: Gellan gum

Gel: Gelatin

PBS: Dung dich mu6i dém phosphate
DMSO: Dimethyl sulfoxide

Pr: Chi s6 thé hién kha ning in
OD: Mét d6 quang hoc

FBS: Fetal Bovine Serum

MTNC: M6i trudng nudi cdy

3D Bioprinting: In sinh hoc 3 chiéu
3D Printing: In 3 chiéu
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Nghién ctiu dugc tai trg bdi Pai hoc Quéc gia Thanh
phd H6 Chi Minh (PHQG-HCM) trong khudn khé
Dé tai ma s6 B2023-18-09.

XUNG POT LO1iCH

Céc tac gia dong y khong co bat ky xung dot lgi ich
nao lién quan dén cac két qua da cong bé.

PONG GOP CUA CACTACGIA

Nguyén Thi Hong Tham thuc hién céc thi nghiém va
dong gop viét ban thao. Nguyén Thi Ngoc My dinh
hudng nghién ctiu, thu thap va xi ly di liéu va dong
g6p viét ban thdo. Phan Thi Hiéu Nghia va Lé Thi Vi
Tuyét dong gop viét ban thao, khao st va hoan thién
ban thio. Tran Lé Bao Ha dinh huéng nghién ctiu va
gop ¥ ban thao.

TAI LIEU THAM KHAO

1. HaTLB. Cong nghé vt liéu sinh hoc. NXB Gido duc Viét Nam;.

2. HaldarS, Lahiri D, Roy P. 3D print technology for cell culturing.
3D Printing Technology in Nanomedicine. The Netherlands:
Elsevier Amsterdam; 2019. p. 83-114. Available from: https:
//doi.org/10.1016/B978-0-12-815890-6.00005- 0.

3. Sonaye SY, Ertugral EG, Kothapalli CR, Sikder P.  Extrusion
3D (bio) printing of alginate-gelatin-based composite scaf-
folds for skeletal muscle tissue engineering. Materials (Basel).
2022;15(22):7945.  Available from: https://doi.org/10.3390/
mal5227945.

4. Parker N, Povey M. Ultrasonic study of the gelation of gelatin:
phase diagram, hysteresis and kinetics. Food Hydrocolloids.
2012;26(1):99-107. Available from: https://doi.org/10.1016/).
foodhyd.2011.04.016.

14.

. Chen Y, Li L, Chen L, Shao W, Chen X, Fan X, et al.

. He Y, Yang F, Zhao H, Gao Q, Xia B, Fu J.

. Hongu T, Takigami M, Phillips GO. New millennium fibers. El-

sevier; 2005.

. Piola B, Sabbatini M, Gino S, Invernizzi M, Reno F. 3D bio-

printing of gelatingum composite hydrogels for growth of
human skin cells. International Journal of Molecular Sci-
ences. 2022;23(1):539. Available from: https://doi.org/10.3390/
ijms23010539.

. Muthukumar T, Song JE, Khang G. Biological role of gellan

gum in improving scaffold drug delivery, cell adhesion prop-
erties for tissue engineering applications. Molecules (Basel,
Switzerland). 2019;24(24):4514. Available from: https://doi.
org/10.3390/molecules24244514.

. Mudgil D, Barak S, Khatkar BS. Guar gum: processing, proper-

ties and food applications-A Review. Journal of Food Science
and Technology. 2014;51(3):409-18. Available from: https:
//doi.org/10.1007/s13197-011-0522-x.

. Rwei SP, Nguyen TA. Phase formation and transition in a xan-

than gum/H20/H3 PO4 tertiary system. Cellulose (London,
England). 2014;21(3):1277-88. Available from: https://doi.org/
10.1007/s10570-014-0193-7.

. Tahmouzi S, Meftahizadeh H, Eyshi S, Mahmoudzadeh A, Al-

izadeh B, Mollakhalili-Meybodi N, et al. Application of guar
(Cyamopsis tetragonoloba L.) gum in food technologies: A
review of properties and mechanisms of action. Food Sci-
ence & Nutrition. 2023;11(9):4869-97. Available from: https:
//doi.org/10.1002/fsn3.3383.

. Garcia MC, Alfaro MC, Calero N, Murioz J. Influence of gel-

lan gum concentration on the dynamic viscoelasticity and
transient flow of fluid gels. Biochemical Engineering Jour-
nal. 2011;55(2):73-81. Available from: https://doi.org/10.1016/
j.bej.2011.02.017.

. Indurkar A, Bangde P, Gore M, Reddy P, Jain R, Dandekar P. Op-

timization of guar gum-gelatin bioink for 3D printing of mam-
malian cells. Bioprinting (Amsterdam, Netherlands). 2020;20.
Available from: https://doi.org/10.1016/j.bprint.2020.e00101.
Gel-
lan gum-gelatin scaffolds with Ca2+ crosslinking for con-
structing a structured cell cultured meat model. Bioma-
terials. 2023;299. Available from: https://doi.org/10.1016/j.
biomaterials.2023.122176.

Zhang N, Li X, Ye J, Yang Y, Huang Y, Zhang X, et al. Effect
of gellan gum and xanthan gum synergistic interactions and
plasticizers on physical properties of plant-based enteric poly-
mer films. Polymers. 2020;12(1):121. Available from: https:
//doi.org/10.3390/polym12010121.

. Ahn G, Min KH, Kim C, Lee JS, Kang D, Won JY, et al. Precise

stacking of decellularized extracellular matrix based 3D cell-
laden constructs by a 3D cell printing system equipped with
heating modules. Scientific Reports. 2017;7(1):8624. Available
from: https://doi.org/10.1038/s41598-017-09201-5.

. Wallin RF. A Practical Guide to I1SO 10993-12: Sample Prepa-

ration and Reference Materials. Los Angeles, CA, USA: MDDI;
1998.

. Wallin RF, Arscott E. A practical guide to ISO 10993-5: cytotox-

icity. Medical Device and Diagnostic Industry. 1998;20:96-8.
Research on the
printability of hydrogels in 3D bioprinting. Scientific Re-
ports. 2016;6(1):29977.  Available from: https://doi.org/10.
1038/srep29977.


https://doi.org/10.1016/B978-0-12-815890-6.00005-0
https://doi.org/10.1016/B978-0-12-815890-6.00005-0
https://doi.org/10.3390/ma15227945
https://doi.org/10.3390/ma15227945
https://doi.org/10.1016/j.foodhyd.2011.04.016
https://doi.org/10.1016/j.foodhyd.2011.04.016
https://doi.org/10.3390/ijms23010539
https://doi.org/10.3390/ijms23010539
https://doi.org/10.3390/molecules24244514
https://doi.org/10.3390/molecules24244514
https://doi.org/10.1007/s13197-011-0522-x
https://doi.org/10.1007/s13197-011-0522-x
https://doi.org/10.1007/s10570-014-0193-7
https://doi.org/10.1007/s10570-014-0193-7
https://doi.org/10.1002/fsn3.3383
https://doi.org/10.1002/fsn3.3383
https://doi.org/10.1016/j.bej.2011.02.017
https://doi.org/10.1016/j.bej.2011.02.017
https://doi.org/10.1016/j.bprint.2020.e00101
https://doi.org/10.1016/j.biomaterials.2023.122176
https://doi.org/10.1016/j.biomaterials.2023.122176
https://doi.org/10.3390/polym12010121
https://doi.org/10.3390/polym12010121
https://doi.org/10.1038/s41598-017-09201-5
https://doi.org/10.1038/srep29977
https://doi.org/10.1038/srep29977

Science & Technology Development Journal - Natural Sciences 2025, 9(4):3484-3493

8 Open Access Full Text Article

Research Article

Research on the fabrication of a bio-ink based on gelatin for
applications in tissue engineering

Nguyen Thi Hong Tham'-34, Nguyen Thi Ngoc My?3-4*, Phan Thi Hieu Nghia?3-4, Le Thi Vi Tuyet?34,

Tran Le Bao Ha'234

Use your smartphone to scan this
QR code and download this article

'Laboratory of Tissue Engineering and
Biomedical Materials

*Department of Physiology and Animal
Biotechnology, Faculty of Biology -
Biotechnology

*University of Science, Ho Chi Minh City,
Vietnam

*Vietnam National University Ho Chi
Minh City, Vietnam

Correspondence

Nguyen Thi Ngoc My, Department of
Physiology and Animal Biotechnology,
Faculty of Biology — Biotechnology

University of Science, Ho Chi Minh City,
Vietnam

Vietnam National University Ho Chi Minh
City, Vietnam

Email: ntnmy@hcmus.edu.vn

History

e Received: 01-4-2025

e Revised: 27-5-2025

o Accepted: 04-11-2025

e Published Online: 31-12-2025
DOI :
https://doi.org/10.32508/stdjns.v9i4.1442

i W) Check for updates

Copyright

© VNUHCM Press. This is an open-
access article distributed under the
terms of the Creative Commons
Attribution 4.0 International license.

AN

ABSTRACT

Three—dimensional (3D) bioprinting has become an effective tool in tissue engineering to fabricate
functional tissues for applications in regenerative medicine and drug testing. One of the prominent
applications of 3D bioprinting technology is the fabrication of cellular scaffolds, which function as
structural guides for cell proliferation and the regeneration of new tissues. This technique offers sig-
nificant advantages, including reduced fabrication time and enhanced control over design parame-
ters. In 3D bioprinting, the properties of the bioink play a critical role in determining the characteris-
tics of the final construct. This paper presents a gelatin combined with hydrocolloid compounds to
formulate a bioink that improves mechanical and biological properties to enhance printability. The
optimal concentration of the gelatin and hydrocolloid composite was determined through in vitro
printability and cytotoxicity observations. The obtained results showed that the bioink exhibited
a suitable viscosity for extrusion-based 3D printing and could form monolayer and multilayer scaf-
fold models. The bioink had maximum water swelling at 2 hours, and the printed structures could
maintain their shape for up to 7 days. Furthermore, in vitro cytotoxicity evaluations confirmed that
the bioink was non-toxic to cells in the direct and indirect contact tests. The results showed that
the gelatin-hydrocolloid composite would be a bioink for the following research in 3D bioprinting
and tissue engineering applications.
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