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TOM TAT

Muc tiéu: Nghién ciru nay nham déanh gia dé6 bén sinh hoc, co hoc va tinh tuong thich
té bao cua gia thé vé bao tir ddng mach cubng rén (DUA - Decellularized Umbilical Artery)
duoc xi ly bdng Glutaraldehyde (GA) 0,1%.

Déi tirong va phwong phdp nghién cteu: Gia thé vé bao déng mach cubng rbén sau
khi duoc xt ly bdng GA 0,1% (G - DUA) duoc ngdm trong dung dich PBS (pH 7,4) & nhiét
do 37°C trong thoi gian 2 tuén, 4 tuén va 8 tuén, su thay déi vé kha nang chiu luc va khéi
lurong con lai duoc so sanh véi nhém mach chua duoc xiv ly bang GA (DUA). Tinh tuong
thich sinh hoc duoc danh gié bang thir nghiém déc tinh gian tiép (MTT assay), khd nang
di trii (Scratch wound healing assay) va sw bam dinh truc tiép cua nguyén bao soi 1én bé
maét gia thé (G - DUA) théng qua nhuém H&E.

Két qua: Qua trinh xir ly bdng Glutaraldehyde cho thay hiéu qua ré rét trong viéc cai
thién do bén cia gié thé. Vé su thay déi khoi luong, tai tudn thir 4, nhém DUA da méat
khodng 25% khéi long (con lai 75,2 + 2,41%), trong khi nhém G - DUA géan nhuw khéng
thay doi (101,94 + 0,77%)1. Sw suy gidm nay tiép dién dén tuén thir 8, khéi lrong con lai
clia nhém DUA chi Ia 55,38 + 2,18%, trong khi con sé nay & nhém G - DUA la 99,46 +
1,361% (p < 0,0001).

Twong tw, vé do bén co hoc, khd ndng chiu lwc cia nhém DUA da gidm gan mét
nira sau 4 tuén (2,886 + 0,67 N) va tiép tuc gidm manh & tuan thir 8 (1 + 0,31 N). Nguoc
lai, nhém G - DUA duy tri d6 bén tét hon mét cach dang ké, véi kha nang chiu luc 1&n
lwot 14 5,526 + 0,67 N tai tudn 4 va 4,4 + 0,58 N tai tudn 8 (p < 0,0001). Vé tinh tuong
thich sinh hoc, két qua cho thay dich chiét ttr G - DUA khéng géy déc cho té bao; ty 1é té

1Chiju trach nhiém: Nguyén Trung Chirc, Hoc vién Quan y
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bao sbng dat trén 99% & tét ca cac thoi diém, tuong duong véi nhém dbi ching am
PTFE (p > 0,05)1. Gia thé G - DUA ciing khéng dnh huéng dén sw di tri va bém dinh cua
nguyén bao soi trén bé mat.
Két luan: Viéc xt ly bang Glutaraldehyde gitip cai thién déng ké dé bén co hoc va sinh
hoc cta gié thé DUA ma khéng géy déc tinh té bao nguyén bao soi chuét trong éng nghiém.
Tir khoa: Gia thé vo bao, Glutaraldehyde, lién két chéo, tuong thich sinh hoc.

ABSTRACT

Objectives: This study aimed to evaluate the biomechanical durability and
cytocompatibility of decellularized umbilical artery (DUA) scaffolds treated with 0.1%
glutaraldehyde (GA).

Subjects and methods: The 0.1% GA-treated decellularized umbilical artery
scaffolds (G - DUA) were incubated in PBS (pH 7.4) at 37°C for 2, 4, and 8 weeks.
Changes in tensile strength and remaining mass were compared with the untreated group
(DUA). Biocompatibility was assessed using an indirect cytotoxicity test (MTT assay), a
cell migration test (scratch wound healing assay), and by evaluating the direct adhesion of
fibroblasts onto the G - DUA scaffold surface via H&E staining.

Results: Glutaraldehyde treatment demonstrated a pronounced effect on enhancing
the durability of the scaffold. Regarding mass change, at week 4, the DUA group lost
approximately 25% of its mass (75.2 £+ 2.41% remaining), whereas the G - DUA group
showed almost no change (101.94 + 0.77%). This degradation continued to week 8,
where the remaining mass of the DUA group was only 55.38 £ 2.18%, in contrast to 99.46
1 1.361% for the G-DUA group (p < 0.0001). Similarly, in terms of mechanical strength,
the tensile strength of the DUA group decreased by nearly half after 4 weeks (2.886 *
0.67 N) and continued to decline sharply by week 8 (1 £ 0.31 N). Conversely, the G-DUA
group maintained significantly better durability, with tensile strengths of 5.526 + 0.67 N at
week 4 and 4.4 + 0.58 N at week 8, respectively (p < 0.0001). Regarding biocompatibility,
the results indicated that the extract from G-DUA was not cytotoxic; cell viability rates
exceeded 99% at all time points, comparable to the PTFE negative control group (p > 0.05).
The G - DUA scaffold also did not adversely affect migration and adhesion of fibroblasts
on its surface.

Conclusion: Glutaraldehyde treatment significantly enhances the mechanical
strength and biodegradation resistance of decellularized human umbilical artery scaffolds
without inducing in vitro cytotoxicity in fibroblasts.

Keywords: Decellularized scaffold, Glutaraldehyde, Cross-linking, Biocompatibility.
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1. DAT VAN DE

Nhu cau vé cac manh ghép mach mau
dwong kinh nhd (< 6 mm) trong phau thuat
tim mach, dac biét [a phau thuat bac ciu
ddng mach vanh, ngay cang gia tang do sw
phd bién cla cac bénh ly nhw xo vira dong
mach [1]. Hién nay, mach mau tv than van
dwoc coi la tiéu chudn vang, tuy nhién,
ngudn cung cap nay rat han ché, véi uwéc
tinh chi khoang 20% bénh nhan c6é mach
mau phu hop dé st dung [2]. Cac loai
mach mau t6ng hop tr vat liéu expanded
polytetrafluoroethylene (ePTFE) va
polyethylene terephthalate (Dacron)
thworng dan dén cac van dé nghiém trong
nhw huyét khéi, ty 1& duy tri théng subt thap
va khéng twong thich vé mat co hoc khi
ghép cho cac mach mau dwong kinh nhd
[3]. P& giai quyét nhitng han ché nay, ky
thuat moé (Tissue engineering) ndi 1&n nhw
mot hwéng tiép can day tiém nang véi muc
tiéu tao ra cac mach mau nhan tao c6 cau
tric va chirc nang twong tw mach mau ty
nhién, hra hen khac phuc cac nhuoc diém
cua vat liéu téng hop [4].

Trong cac huéng tiép can dé ché tao
mach mau nhan tao, khung chéat nén ngoai
bao (Extracellular Matrix - ECM) thu dworc
t quéa trinh khir t& bao (decellularization)
cac ngudn mach mau déng loai ho&c di loai
da thu hut sy cha y rong rai. Qua trinh nay
gilp loai bé cac thanh phan té bao mang
tinh khang nguyén, nh® dé giam thiéu
phan tng mién dich va thai ghép, trong khi
van bao tén dwoc cAu trdc vi mé va cac
thanh phan sinh hoc quan trong cia ECM
nhuw collagen va elastin [2]. Collagen dong
vai tro then chét trong viéc ddm bao dd bén
co hoc, cung cép ciu trdc nén cho sy bam
dinh va ting sinh cla t& bao [5], trong khi
elastin cung cap kha nang dan hdi, giup
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cAu trac ghép chju dwoc ap lyc trong qua
trinh lwu théng mau, ddng thoi elastin ciing
diéu chinh sw di cw va tang sinh cla té bao
co tron mach mau tr do trc ché sw tang
san |&p ndi mac, dac biét tai vi tri miéng ndi
noi c6 sw bat twong ddng vé dd dan hoi
gil!a mach ghép va mach nhan [6]. Nh&
nhitng wu diém nay, ECM c6 kha nang
twong thich sinh hoc cao va hé tro qua
trinh tai tao md cla co thé chd. Trong sb
cac nguébn mod tiém nang, déng mach
cudng rén ngwdi (Human umbilical arteries
- HUAs) Ia mét Iwa chon kha thi dé tao ra
cac manh ghép mach mau duwdng kinh nhé
v&i chiéu dai phu hop va khéng can cac
tha thuat xam 1an dé thu thap [1].

Tuy nhién, mét trong nhirng nhwoc
diém clia qua trinh khir té bao ddong mach
cudng rén 1a nguy co lam tén hai dén cac
thanh phan chiu lyc ctia ECM, dan dén suw
suy gidm cac dac tinh co hoc clia mach
ghép, nghién cru trén thwc nghiém cla
Gui (2009) va Hsia (2023) st dung déng
mach cudng rén khir t& bao 1a mach ghép
déu ghi nhan tinh trang gian mach sau khi
ghép [5], [7]. Glutaraldehyde (GA) la mét
hoa chét thwong duwoc st dung trong cac
vat lidu cdy ghép nhw van tim sinh hoc [8]
dé tang cuwong sy 6n dinh cua cau tric
ECM, cai thién do bén co hoc va kiém
soat téc dd phan hdy sinh hoc. GA tao ra
céac lién két bén virng v&i cac nhém amin
trong protein trong dé chi yéu la collagen,
gilip tdng cwdng dang ké do bén va kéo
dai thoi gian ton tai cha vat liéu trong co
thé [9]. Song lwong GA tén dv sau qua
trinh xt ly c6 thé gay doc cho té bao va la
mét trong nhirng nguyén nhan chinh dan
dén hién twong véi hda manh ghép, lam
suy gidm chirc ndng va tudi tho cia vat
liéu cay ghép [10].
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DPén nay, viéc &’ng dung GA dé tang
cwdng 6n dinh va kha nang chiu lyc cla
gia thé vo bao tr ddng mach cudng rén co
thé Ia mot giai phap tiém nang va van chua
dwoc nghién ctiru mét cach hé thdng. Do
do6, nghién clru nay duoc thwe hién nhdm
muc tiéu bwéc dau danh gia cac dd 6n dinh
co hoc, sy phan hidy sinh hoc va tinh
twong thich in vitro cha gia thé vé bao tir
dong mach cudng rén ngudi dwoc xi ly
bang glutaraldehyde.

2.D0I TVONG VA PHUONG PHAP NGHIEN C(rU
2.1. B6i twong nghién cliru

Gia thé vo bao tr dong mach cudng
rbn  ngwdi  (DUA), x& Iy bang
Glutaraldehyde (G - DUA) dwoc chuén bi

B6 mén Phau thuat Thuc hanh Thuc
nghiém (Hoc vién Quan y).

2.2. Phwong phap nghién ctru
2.2.1. Phuong phdp thu thdp, bao quan,
van chuyén déng mach cubng ron nguwoi
Day rén dwoc bdo quan & 4°C ngay
sau khi sinh. T4t ca cac mau day rén dugc
xt ly trong vong 12 gi¢r ké tir khi thu thap.
Céc doan day rbn, dai khoang 5-7 cm, trai
qua quy trinh lam sach. Dau tién, ching
dwoc rira bang Betadine 5% (Sigma, Hoa
Ky) trong khoang 30 giay, sau dé rira hai
lan véi PBS chira 1% Penicillin -
Streptomycin trong (Gibco, Hoa Ky) 1 phat
mdi lan. Cac dong mach day rén sau dé
duwoc tach vo khuan. Tudi riva long mach
bang PBS lanh cho dén khi c&n mau duoc
loai bé hoan toan. Cac mach mau sau dé
dwgc bao qua trong mdi trwong DMEM
(Gibco, Hoa Ky), bd sung 10% huyét thanh
bao thai bd (Gibco, Hoa Ky) va 10%
dimethyl sulfoxide (Kanto chemical, Nhat
Ban) réi bado quan & -80°C.

2.2.2. Phwong phdp tao va xi Iy gia thé
DUA bang glutaraldehyde.

Poéng mach cubng rén dwoc khir té
bao theo quy trinh da dwoc nghién citru
trwdc day cua nhém nghién ctru [11]. Cu
thé, dong mach cubng rén dwoc xtr ly sbc
nhiét d& pha v& mang té bao bang 3 chu ky
dong - rd déng tlr nhiét do - 80°C dén
25°C, sau d6 dwoc ngam trong dung dich
Triton X-100 trong 24 gi& réi truyén rira
bang hé théng bom nhu déng v&i dung
dich SDS 0,3%/EDTA trong 6 gi¢. Sau do,
mau duoc rira trong PBS 24 gio. Tiép do,
mau dugc x& ly ban glutaraldehyde 0,1%
trong 6 gi&’ [12], rira trong PBS 24 gid, thay
dung dich méi mdi 8 giv, phan
glutaraldehyde du thira dwoc trung hoa
bang glycine 0,2 M trong 24 gi® [8].

2.2.3. Phwong phdp ddnh gia dé bén
sinh hoc cua gia thé vé bao DUA va
G-DUA

e Danh gia su thay dbi khéi lwong:

Th&r nghiém phan huy trong dung
dich dém phosphate (PBS) la mét
phwong phap dwoc s dung dé& nghién
cru cach ma vat liéu phan hay trong mét
dung dich mdé phéng diéu kién cla dich
co thé [13]. Th& nghiém thuc hién bang
cach nhuv sau: Cac mau tir hai nhém G-
DUA va DUA (n = 5 cho méi nhém tai méi
méc thoi gian) dwoc cét thanh doan dai 1
cm, sdy kho va can d& xac dinh khéi
lwgng kho ban dau (m,). Méi mau dwoc
ngam trong 5 mL dung dich PBS 1X, pH
7,4 vb trung va 4 & 37°C. Tai cac mbc
thdi gian tuan 2 (T2), tuan 4 (T4) va tuan
8 (T8), cac mau dwoc lay ra, rira sach,
sdy kho va can dé xac dinh khéi lwong
cudi cung (my) [14], [15].
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Ty l& khdi lwong con lai cia méi nhém

duoec tinh theo cbng thiec:
% Khdi lwong con lai = (my/m,) x 100%

Khdi lwong con lai dwoc so sanh gitra
2 nhém dé danh gia mirc do bi thuy phan
trong maéi trwdng PBS.

e Danh gia kha nang chiu luc con lai:

Cac mau tir hai nhom G - DUA va DUA
dwoc chuan bi (n = 5 & mbi thoi diém [16].
Kha nang chiu lwc (N) cla cac mau dwoc
do tai hai thoi diém: ban dau (To), sau 4
tuan (T4) va 8 tudn ngam trong PBS &
37°C. Cac mau duwoc danh gia bang hé
théng may QC-506B1 (Qctech, Pai Loan).
Kha nang chiu lwc s& dwoc ghi nhan dé so
sanh sw thay ddi vé& dac tinh chiu lwc gitra
hai nhém theo thoi gian.

2.2.4. Phwong phdp ddnh gid dé bén
sinh hoc cua gia thé vé bao G - DUA

e Dong té bao st dung dé danh gia

déc tinh

Nguyén bao s¢i dwgc phéan Iap tir da
chudt cdng trang theo quy trinh sau [17]:
Lép thwong bi dwoc loai bd bang cach U
véi Trypsin-EDTA (Gibco, Hoa Ky). Sau
do, phan trung bi dwoc x& ly bang
Collagenase Type | (Gibco, Hoa Ky) trong
3 gi&’ dé thu nhan té bao. Té bao duwoc loc,
ly tdm va nuéi ciy trong méi trwéng hoan
chinh (DMEM F12 v&i 10% FBS va 1%
Penicillin-Streptomycin) & diéu kién 37°C,
5% CO,. Méi trwvdng duwoc thay dinh ky sau
2 - 3 ngay, va té bao dwoc thu hoach khi
dat d6 phu 80 - 90%. Nguyén bao s¢i sé
dwoc cdy chuyén dén 1an cy chuyén thir 2
dén thir 5 dé sir dung cho céc thi nghiém.

« Danh gi& déc tinh té bao gian tiép

Dac tinh té bao gian tiép cla gia thé vé
bao G - DUA dwgc danh gia theo tiéu
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chuan 1SO 10993-5 (B6 Khoa hoc va Cong
nghé Viét Nam, 2020) [18], si dung
phwong phap dich chiét. Vat liéu
Polytetrafluoroethylene (PTFE) dwgc s
dung lam vat lieu ddi ching am tinh.
Polytetrafluoroethylene (PTFE), dac biét la
ePTFE, la mot vat lieu phé bién cho cac
mach ghép vi né twong thich sinh hoc, cé
tinh hinh thanh cuc mau déng thap [19].
DMSO (Kanto Chemical, Nhat Ban) dwoc
st dung & ndng dd 10% lam chét gay doc
té bao.

Pau tién, dich chiét vat lieu dwoc
chuén bj bang cach ngam G-DUA va PTFE
trong méi trwdng nudi cldy hoan chinh
(DMEM/F12, 10% FBS, 1% Penicillin -
Streptomycin) & 37°C trong 24 gio, voi ty 1&
bé mat/thé tich 1a 2,5 ml/cm? [10].

Phuong phap danh gia tinh twong thich
sinh hoc clia gia thé G-DUA duoc tham khéo
theo quy trinh cla Nguy&n Thi Lé Na va
cbng s [20]: Té bao nguyén bao s¢i dwoc
gieo vao dia 96 giéng véi mat do 8x10° té
bao/cm? trong 100 uL méi trwong nudi cay
day da (DMEM/F12, 10% FBS, 1% Penicillin
- Streptomycin) va nudi cay trong 24 gi®. Sau
doé, méi trwdng ¢l dwoc thay thé bang 100
uL dich chiét tlr cac nhom vat liéu (n = 6) da
dwoc chuan bj & trén trong 37°C, 5% COa.
Céac nhém thi nghiém bao gébm: (1) Nhém G-
DUA - Mau tht nghiém, (2) Nhém PTFE -
Vat lieu dbi chirng am tinh, (3) Nhém Mau
trang (Blank) - méi trwdng nudi ciy thong
thwong, va (4) DMSO (méi trwdng chva 10%
DMSO) - Béi chirng dwong tinh.

Sau 24, 48 va 72 gi® tiép xic voi dich
chiét, doc tinh voi guyén bao soi dwoc danh
gia bang:

- Phuwong phap dinh tinh: t& bao dwoc
quan sat bang nhudém crystal violet. Cu thé:
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+ V&i dich chiét khéng gay doc tinh, hinh
thai nguyén bao soi khoé manh dac trwng
béi hinh dang hinh thoi dac trung, kich
thwéc té bao twong dwong véi nhém dbi
chirng va bao twong déng nhét, khdng xuét
hién cac hat hodc khéng bao bét thuong,
mat do té bao twong dwong véi nhém chirng
moi trwdng nudi cay thong thwong.

+ Véi dich chiét gay doc tinh, té bao co
thé co tron hodc méat hinh dang hinh thoi
d&c trwng, kich thwdc co thé thay déi Ion
hon hoac nhé hon binh thuwdng, va bao
twong c6 thé khong ddng nhat, xuét hién
cac hat hoac khéng bao bat thwong, hodc
bi co rut. Vé mat do, sb lwong té bao sé it
hon so v&i nhédm ching méi trwdng nudi
cdy do té bao chét hodc bong ra, va su
phan bb tr& nén khong déu trén bé mat
nudi cay, cé thé tap trung thanh dam hodc
tao thanh cac vung tréng.

- Phwong phap dinh luvong: ty 18 té bao
sébng dwoc dinh lwong bang thir nghiém
MTT (Invitrogen, My) theo hwéng dan cua
nha san xuét. Nguyén ly cGa thlr nghiém
MTT dwa trén kha nang cla cac enzyme
reductase trong ty thé (mitochondria) cuta
té bao sébng dé khir mudi tetrazolium 3-
(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) thanh
tinh thé formazan c6 mau tim. Tinh thé
formazan nay tich Iy bén trong té bao.
Céc tinh thé formazan dwoc hoa tan trong
DMSO. D6 hdp thu quang (absorbance)
cta dung dich dwgc do bang may quang
phd (spectrophotometer) tai bwédc soéng
thwong 1a 570 nm. D6 hép thu quang ty 1&
thuan véi s lwong té bao sbng trong mau.
Pé thuwc hién thi nghiém, méi trwdng thir
nghiém dwoc thay thé bdng 110 uL dung
dich MTT (100 yL méi trwéng DMEM/F12
+10 pL dung dich MTT (12 mM)). Sau 4 gi&
0 v&i té bao, dung dich MTT dwoc hat bd

va 100 pL DMSO duwoc thém vao méi
giéng. B hép thu quang (OD) duoc do &
buéc séng 570 nm. Ty & sdng dwoc tinh
theo cdng thire [16]:

Ty & sbébng (%) =
nghiém/OD_blank) x 100%

Ti 18 16n hon 70% c6 nghia la mau G-
DUA khéng gay doc véi té bao [12], [16].

e Pénh gid khad ndng di tri cua té bao

(Scratch Wound Healing Assay)

(OD_thi

Phuwong phap danh gia kha nang di tru
clia té bao dwoc tham khéo theo quy trinh
cla tac gia Nguyén Thi L& Na va cong sw
[20]. Nguyén bao s¢i tr da chudt duwoc
gieo vao cac giéng cla dia 24 giéng voi
mat do 8 x 10° t& bao/giéng. Khi cac té bao
dat dén mat do > 95% cla dia nudi cay,
méi trwdng nudi cdy dwoc bd sung
mitomycin (Thermo Fisher, Hoa Ky) dat
ndng d6 10 pg/mL trong 2 gi& d& Gc ché
su tang sinh té bao trwdc khi tao vét xwéc
bang cach s dung dung cu cao (SLP,
Han Quéc). Cac giéng sau do dwoc rira
hai I4n bang PBS (Gibco, Hoa Ky) dé loai
bd cac té bao da bong ra. Madi truéng cil
duwoc thay thé bang cac loai dich chiét da
chuan bj tv miu G-DUA, PTFE véi dbi
chirng la méi trwdng nudi cay (PC). Hinh
anh clia vung tréng dwoc chup tai cac thoi
didm 0,12, 24, 48 va 54 gid béng kinh
hién vi dao ngwoc. Mic dd di tra clha té
bao vao vung trébng dwoc phan tich va
dinh lwong bang phadn mém ImageJ
(National Institutes of Health, Bethesda,
Maryland, Hoa ky). Thi nghiém dwoc lap lai
ba lan (n = 3).

o Danh gia sw bam dinh té bao nguyén

bao soi lén gia thé G-DUA

Thi nghiém danh gia sw bam dinh
nguyén bao soi 1&n gia thé dwoc thue hién
theo quy trinh cla tac gid Nguyén Thi Ngoc
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My va cong sw [12]. Cac mau gia thé G -
DUA (n = 5) (kich thwéc 5 x 5 mm) dwoc
chiéu tia cuc tim trong 2 gi®, ngdm trong
con y té 75% trong 1 gid, sau d6 rira lai
bang dung dich Natri clorua 0,9% 3 14n méi
lan 30 phuat va dat vao giéng clia dia 24
giéng [21]. Nguyén bao soi dwoc gieo truc
tiép 1&n bé mat méi mau véi mat dod 5 x 10*
té& bao/mau. Sau khi nubi ciy trong 48 gi®
tai diéu kién 37°C, 5% CO,, cac mau duoc
thu thap, c¢b dinh trong dung dich formalin
10% trong 24 gi®r & cb dinh cau tric mé.

Cac mau sau d6 duoc nhuém H&E dé
danh gia sw c6 mat clia nguyén bao soi
trén gia thé. Quy trinh cu thé nhw sau: Céac
mau sau khi c6 dinh trong formalin 10%
dwoc kh&r nwdc tuan tw bang ethanol voi
cac néng do tang dan: 50%, 70%, 80%,
90%, va cubi cung la 100%, mbi bwdc kéo
dai trong 30 phuat. Tiép theo, mau duogc
ngam trong xylene 3 1an x 30 phut dé loai
bé ethanol hoan toan. Mau sau dé dwoc
nhiing trong paraffin 60° trong 12 gi® trwéc
khi chuyén duc. Céac lat cat paraffin c6 do
day 4 ym dwoc thyc hién bang may cat lat
microtome HM325 (Thermo Scientific, Hoa
ky), sau d6 dwogc loai paraffin va nhuém
bang hematoxylin va eosin (Cancer
Diagnostics, Hoa Ky). Hinh anh nguyén
bao soi trén gia thé dwoc danh gia bang
kinh hién vi Eclipse Ei (Nikon, Nhat Ban).

2.2.5. Hoa chét str dung trong nghién ciru

- Dung dich: Phosphate Buffered
Saline (PBS, pH 7,4) (Gibco, Hoa Ky),
Trypsin-EDTA (Gibco, Hoa Ky), dung dich
Collagenase Typel (Gibco, Hoa Ky).

- M6i truong nudi cdy: DMEM/F-12
(Dulbecco's Modified Eagle Medium/Nutrient
Mixture F-12) (Gibco, Hoa ky) bb sung 10%
Fetal Bovine Serum (FBS) (Gibco, Hoa Ky)
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va 1% Penicillin - Streptomycin (Gibco,
Hoa Ky).

- Hoéa chat phan tich: 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) (Invitrogen, Hoa Ky),
Dimethyl sulfoxide (DMSO) (Kanto Chemical,
Nhat Ban).

2.3. Dia diém nghién clru

Thi nghiém danh gia doé bén sinh hoc
va co hoc cla gia thé G-DUA duwoc thyc
hién tai B6 mén Phau thuat thwe hanh, Hoc
vién Quany.

Thi nghiém danh gia doc tinh va tinh
twong thich sinh hoc dwgc thwc hién tai
Khoa Sinh hoc, Pai hoc Khoa hoc tw nhién,
Pai hoc québc gia Ha Noi.

2.4. bao duwrc trong nghién ctru

MAau ddng mach day rén dwoc cung
cap bdi dé tai VINIF.2020.DA07, theo cac
quy trinh dwoc phé duyét béi Hoi ddng Dao
dic cla Bénh vién Pa khoa Qubc té
Vinmec (sb 40/2020/QD-VINMEC), tuan
tha Tuyén ngdn Helsinki.

Nghién ctru trén dong vat duwoc thyc
hién theo sw chap thuan cla Hoi dong dao
dirc trong nghién ctru trén dong vat, Hoc
vién Quan y s6 07/CNChT-HPPDDV.

2.5. Phan tich Théng ké

Phan tich théng ké dwoc thwc hién
bang phdn mém GraphPad Prism 8.4
(GraphPad Software, Inc., San Diego,
California, Hoa ky). D liéu dwgc trinh bay
dwdi dang gia tri trung binh £ dd 1éch chuan
(SD). Kiém dinh Shapiro-Wilk dwoc st dung
dé danh gia sw phan phdi chuan cta di
liéu, va kiém dinh Levene dé& danh gia tinh
ddng nhét ctia phwong sai. D6i v&i di liéu
tuan theo phan phdi chuan, phan tich
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phwong sai (ANOVA) duwoc tién hanh dé so
sanh da nhém, kiém dinh hau nghiém bang
Tukey post-hoc. Trong trwdng hop phan
phdi khong chuén, kiém dinh Kruskal -
Wallis dwoc str dung dé so sanh da nhom,
sau do 1a kiém dinh Dunn dé hiéu chinh cac
so sanh cap. Sy khac biét dwoc coi la coy
nghta théng ké khi p < 0,05.
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3. KET QUA
3.1. Panh gia d6 bén sinh hoc va co’ hoc
cua gia the vé bao G - DUA

P& moé phéng s phan huy sinh hoc
trong modi trwdng dich thé moét cach don
gidn nhat ching t6i da s dung
PBS (Phosphate - Buffered Saline), pH 7 ,4.
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Hinh 1. (A) Biéu dé so sanh phan tram khéi lwong con lai ctia mau G - DUA va DUA
tai cac thoi diém 0, 2, 4 va 8 tuan. * p < 0,05: sw khac biét cé y nghia théng ké so véi DUA.
(B) Panh gia dé bén co hoc cua gia thé trwéc va sau khi ngam trong PBS 4 tuan.
ns: sw khac biét khong cé y nghia théng ké. * p < 0,05: Sw khac biét c6 y nghia théng keé.

Két qua vé sw phan huy sinh hoc cho
thdy nhém G - DUA duy tri dwoc khbi
lwong gan trong thdi gian 8 tuan. Cu thé,
khéi lwgng con lai ctia nhém G - DUA tang
nhe tai tudn 2 (103,84 + 1,021%) va tudn
the 4 (101,94 £ 0,77%) va sau d6 giam
khong dang k& tai tudn the 8 (99,46 +
1,361%) (Hinh 1A). Ngwoc lai, khi khéng
duwoc xi ly bAng GA cac mau bi thuy phan
nhanh chong trong méi trwéng PBS, dan
dén sw suy gidm khdi lwong dang ké theo
thoi gian, cu thé khéi lwong gidm xubng
con 92,82 + 1,22% & tuan 2, 75,2 + 2,41%
& tudn 4, va chi con 55,38 + 2,18 % tai
cudi tuan thir 8. Sw khac biét nay la co y
nghia théng ké tai tat cd cac thoi diém
khao sat (p < 0,0001, kiém dinh ANOVA,
Hinh 1A).

Danh gia do bén co hoc cua gia thé
cho thdy sy khac biét ré rét gitka nhom
DUA va G-DUA 4. Trong khi nhém G-DUA
duy tri khd nang chiu lyc twong dbi 6n
dinh trong 4 tuan dau (gidm khéng dang
ké tr 6,118 + 0.30 N xudng 5,526 + 0.67 N,
p > 0.05), nhém DUA cho thay su suy gidm
dang ké (gidm gan moét nra tir 5,706 +
0,48 N xubng 2,886 + 0.67 N, p < 0,0001)
4. Pén tuan tht 8, kha nang chiu lwc cla
nhém G - DUA gidm xuéng 4,4 + 0,58 N, tuy
nhién van cao hon dang ké so v&i nhom
DUA (1 0,31 N, p < 0,0001) (Hinh 1B).

Két qua nay cho thay qua trinh lién két
chéo bang GA cai thién dwoc dd bén co
hoc va kha nang khang phan hdy cia gia
thé trong diéu kién in vitro.
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3.2. Két qua danh gia twong thich sinh hoc cua gia thé G-DUA

PTFE
(Pbi chimg &m)

DMSO 10%
Dbi chimg dwong)

Hinh 2. Hinh thai va mat do cta té bao nguyén bao soi trén nhudém crystal violet
sau khi dwoc nudi cly trong cac moéi tredng khac nhau tai cac thoi diém 24, 48 va 72 gio

Hinh &nh hién vi quang hoc cho thay té
bao trong nhém dbi chirng am van duy tri
hinh dang thon dai, tang sinh tét trong khi té
bao trong nhém dbi chirng dwong bi co tron
va bong ra khoéi bé mat nuéi ciy. Két qua
cac nhém ching cho thdy thi nghiém dang
tién hanh tét va két qua thu dwoc dang tin
cay. O’ cac nhém thi nghiém, sau 24, 48 va

72 gi&, té bao nguyén bao sgi dwoc nudi
céy trong dich chiét G - DUA va vat liéu
tham chiéu PTFE déu duy tri hinh thai hinh
thoi khée manh va tang sinh on dinh, voi
mat dd twong dwong nhém déi chirng am.
Nhirng két qua nay chirng té dich chiét tir G
- DUA khéng gay dbc cho nguyén bao soi,
twong tw nhw vat liéu y té PTFE.

.t

T

1 |

24h 48h

|
‘ ] EE G-DUA
= PTFE

B DMSO

B

72h

Theoi gian (gio)

Hinh 3. Banh gia dinh lwgng sw tang sinh cua té bao nguyén bao s¢i (MDFs) théng qua thor
nghiém MTT. Biéu dé thé hién gia tri mat d quang (OD) & bwéc séng 570nm, phan anh sé
Iwong té bao séng trong cac nhém thi nghiém tai cac thoi diém 24, 48 va 72 gio
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Twong déng v&i két qua hinh thai té
bao, thir nghiém MTT cho thay tai cac thoi
diém 24, 48 va 72 gio, ty lé té bao séng
cla nhém G - DUA lan lwot 1a 95,86% +
5,95%, 100,24% + 7,00% va 99,29% +
4,11%, cao hon ngwdng an toan 70% theo
tiéu chuan ISO 10993-5 va twong dwong
véi nhém vat lieu tham chiéu PTFE (lan
lwot 1a 97,07% + 4,36%, 98,60% + 6,72%
va 100,26% £ 3,86%, p > 0,05). Trong khi
d6, nhém DMSO cho thay doc tinh té bao

+

Oh

48 h aQrEsad :ﬁ.t'-’

— BC
—~ PTFE
- G-DUA

120 ~

:

' e

Ty 1é lién vét thuong (%)
=
(=]

=

L 4 Ll L)

T L)
Oh 12h 24h 48h 54h
Tho glan (gid)

B

nghiém trong, v&i ty 1& sbng gidm manh tw
30,64% * 6,16% sau 24 gid xudng chi con
14,37% + 2,25% sau 72 gi& (p < 0,0001)
khi so sanh v&i 2 nhém G - DUA va PTFE.
Nhirng két qud nay chirng té dich chiét tiy
G - DUA khéng gay déc té bao trén dong té
bao nguyén bao sgi da chuét, twong tw vat
lidu y t& PTFE.

3.2. Két danh gia kha nang di tra cua té

Hinh 4. Danh gia kha ning di tra cta té bao nguyén bao soi bang thir nghiém
lam lanh vét thwong (Scratch Wound Healing Assay).
(A) Hinh anh dai dién kha néng di tri cta té bao tai cac thoi diém 0, 24 va 48 gio.
(B) Biéu do dinh lwogng ty 18 lién vét thwong (%) theo thi gian.
(C) Hinh anh nhuém H&E nguyén bao s¢i bam dinh trén gia thé (Miii tén do).
Scale bar =10 pm.
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Ca ba nhém (BC, PTFE, va G - DUA)
déu cho thdy mét xu hwéng lién vét thwong
twong tw nhau theo thoi gian. Budng cong
biéu dién cia G-DUA (mau dd) gan nhw
trung khép véi dwdng cong clia nhém déi
chirtng va PTFE trong sudt qua trinh thi
nghiém, dat ty 1& lién vét thwong trén 90%
sau khoang 48-54 gi¢. Hinh anh nhuém
H&E cung cép bang chirng vé tuwong tac
truc tiép gitra t& bao va bé mat vat liéu.
Céc té bao nguyén bao soi (mii tén dé) da
bam dinh thanh céng, trai phang va thé
hién hinh thai thon dai d&c trwng trén bé
mat cla gia thé G - DUA (Hinh 4C). Tir cac
két qua thu duwoc, cé thé két luan rang vat
liéu G - DUA khéng gay &nh hwéng bét loi
dén kha nang bam dinh va di chuyén cda
t& bao nguyén bao soi da chudt, cho thay
tinh twong thich sinh hoc tét va méi trwéong
bé mat thuan loi cho hoat déng cla té bao.

4. BAN LUAN

Hién nay, cac nguén mach mau cho
phau thuat ghép mach dwong kinh nhé (<
6mm) déu cé nhitng han ché nhét dinh.
V&i mach ghép tw than nhw tinh mach hién
I&n, débng mach ngwc trong mac du dat
dwoc hiéu qud sau ghép Ién nhét song
ngudn cung han ché, khoang mét phan ba
s6 bénh nhan khong du diéu kién dé ghép
mach mau tw than do thiéu mach mau tw
than phu hgp do cac bénh ly toan than, da
ldy cho trwéc d6. Phau thuat 1dy mach tw
than ban than né cé thé dan dén thiéu mau
chi, viem mo té bao, bénh than kinh, nhiém
trung vét thwong va vét thwong khéng lanh
tai vi tri ldy mach [22]. Cac vat liéu tong
hep nhw PTFE va Dacron thuwdng gap cac
van dé nghiém trong nhw huyét khdi, ty 1&
duy tri thdng mach thap [7]. Cac vat liéu
nay cé bé méat khong twong thich véi mau,
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dan dén kich hoat qua trinh déng mau va
hinh thanh huyét khéi, bé mat ky nwéc cia
chdng 1am tang twong tac véi t& bao mau
va hap phu protein, thiuc ddy qua trinh
déng mau, thém vao doé sw khac biét vé do
dan hoi va do cirng gitra vat lieu tbng hop
va mach mau ty nhién gay ra sy khong
twong thich co' hoc tai miéng ndi, dan dén
tang sinh ndi mac tai vi tri ndi va lam hep
lobng mach. Gia thé vd bao tr ddong mach la
mot t& chirc vd bao cé cau tric phirc tap,
dwoc tao ra béi sw két hop clia cac protein
chirc ndng va cau tric do té bao chi tiét ra
[23]. C4c protein nay dwoc tiét ra theo cach
d&c hiéu cho md dé dap &ng cac nhu cau
cho md, dé tao ra mot cau tric tdng hop
v&i cac dac tinh co hoc va cac phan t tin
hiéu phu hop dé hé tro chirc nang mach
mau binh thwéng va can bang ndi moi té
bao [23]. Vi vay, day co thé 1a mot vat liéu
ly twdng dé diéu ché cac mach mau nhan
tao. Gia thé vo bao tir ddng mach cubng
rbn dwgc nghién clru tlr 1au méi ky vong
tao ra mét dang mach ghép co thé st dung
s&n [5], [7], [24], [25].

Hién twong gidn mach da dwoc ghi
nhan bdi Gui (2009) va Hsia (2023) khi
nghién ctru ghép gia thé vo bao tir dong
mach cudng rén trén md hinh déng vat [5],
[7]. Xt ly gia thé vo bao bang GA c6 thé Ia
mot gidi phap dé tang cwong dd bén sinh
hoc va co hoc cua gia thé vo bao tir dong
mach cudng rén, trén co s& phwong phap
nay da duwgc rng dung réng rai trong xt ly
van tim sinh hoc [8]. Nghién cru nay dwoc
thwe thiét k& dé danh gia do bén va tinh
twong thich sinh hoc cla gia thé vo bao tw
dong mach cubng rén nguwdi dwoc xi ly
bang tac nhan lién két chéo Glutaraldehyde
(G - DUA). Céc két qua ban dau thu duoc
cho thdy phwong phap gia cwdng nay cai
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thién dang ké sw 6n dinh vé& mét co hoc va
kha nang khang phan huy sinh hoc cla gia
thé ma khong gay doc tinh té bao.

Két qua nghién ctru cho thay viéc duoc
x& ly bang gluaraldehyde 0,1% c6 thé cai
thién dang k& dd bén cta gia thé vo bao
dong mach cubng rén trong trong moi
trwong PBS (pH 7,4 37°), dung dich d& moi
trwdng md phéng dich co thé. Sau khi
ngam 8 tuan, nhém DUA méat gan mét nira
khdi lwong, trong khi khdi lwong ctia nhém
G - DUA gan nhu duoc bao toan (99,46%)
(Hinh 1A). Twong tw, dd bén co hoc cla
nhém G - DUA gan nhw khong déi sau 4
tuan, trai ngwoc hoan toan véi sy suy gidm
gan 50% kha nang chiu lwc & nhém DUA
(Hinh 1B). Sy 6n dinh nay cé thé duoc ly
gidi bdi co ché hoat déng cula
glutaraldehyde, mét tac nhan tao ra cac
lién két cong hoa tri bén virng gitra cac chudi
protein, chi yéu la collagen trong clu truc
chat nén ngoai bao (ECM) [10]. Twong tw,
dd bén co hoc ctia nhém G - DUA dwoc duy
tri 6n dinh trong 4 tuan dau (5,526 + 0,7 N),
gidm khoang 27% sau 8 tuan (4,4 + 0,58
N), trong khi d6 véi gia thé khong dwoc xir
ly v&i GA, kha nang chiu lyc giam nhanh
chéng gan 50% sau 4 tuan dau (2,886 *
0,67 N) va 80% sau 8 tuan (1 + 0,31 N)
(Hinh 1B).

Su 6n dinh sau khi dwoc xt ly bang
GA do qua trinh phan *ng v&i cac nhom
amin bac mét cla lysine va hydroxylysine
trong collagen canh nhau tao thanh cac
base Schiff trung gian, tao ra cac lién két
cong hoa tri bén virng gitra cac chudi
protein sau d6 chuyén dbi cac monome soi
I6ng I&o thanh cac polyme sgi 6n dinh, chi
yéu la collagen trong céu trdc nén ngoai
bao (ECM) [10]. Viéc hinh thanh mét mang

lwdi lién két chéo day dac giup cau tric
chat nén ngoai bao (ECM) tré& nén khang
lai sy phan hdy clua cac enzyme va qua
trinh thdy phan tw nhién, mot yéu té cét 16i
dé& ddm bado manh ghép duy tri dwoc sw
toan ven cau tric trong giai doan dau sau
céy ghép.

Mac du hiéu qua trong viéc tang cwong
dd bén cho cac loai manh ghép tim mach,
viéc str dung Glutaraldehyde luén di kem
v&i lo ngai vé ddc tinh t& bao do lwgng GA
ton dw [7]. Do d6, xac dinh doc tinh trén mo
hinh t& bao 14 danh gia ban dau cta bét ky
loai vat liéu y t& nao [26]. Nguyén bao soi
déng vai trd quan trong bang cach cung
cdp mdi trwdng hé tro cho sy hinh thanh
mach mau bang cach tiét ra cac yéu td
tang trwdng va cac protein ciu tric nén
chéat nén ngoai bao (ECM), diéu chinh hanh
vi clia té bao ndéi mé va cung cidp moét
khung cdu truc. Chung ciing tdng cuéng
s ndy chdi cla té bao ndéi md va sw hinh
thanh mang lwdi, va la yéu té thiét yéu cho
cé viéc xay dwng va 6n dinh cac cau truc
mach nhan tao [27]. M6 hinh s dung
nguyén bao soi da dwoc st dung béi nhiéu
tac gid nham danh gia sw tén dw GA trong
manh ghép. Trong nghién ctu nay, két qua
danh gia twong thich sinh hoc trong nghién
clru cla chang t6i da cho thdy nhirng két
qué budc dau kha quan. Trong thir nghiém
danh gia dinh tinh, hinh thai t& bao duwoc
danh gia bang nhudm crystal vilet (Hinh 2).
Theo do, két qua nhuém méu tréng (blank)
(té bao dwoc nudi trong méi trwdng nudi co
ban), nguyén bao so¢i cé dang hinh soi,
thudn dai & 2 dau v&i nhan nhé nam & vj tri
trung tam (Hinh 2, c6t mau tréng (blank)).
Pay 14 hinh dang dic trung cua té bao
dong nguyén bao s¢i khoé manh. Dbi voi
mau dbi chirng dwong, DMSO néng do
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10% la chéat gay doc té bao. Sau 24 gid,
phan I&n té bao trong nhém ddi ching bi
chét, co tron, bong khdi bé mat nudi, con
rat it t& bao con bam lai trén dia nuéi cay
(Hinh 2, cot ddi chirng dwong tinh). Hai
nhoém déi chirng &m va dbéi chirng dwong
cho thay thir nghiém dién ra én dinh, quy
trinh d&m bao tinh tin cay. Két qua nhém G
- DUA va nhém vat lieu déi chirng am
(PTFE) cho thdy gan nhw khéng xuét hién
té bao co tron, bong troc khéi bé mat nuéi,
phan 16n té bao van tang sinh tét, t& bao
van duy tri hinh dang thon dai, nhan nhd &
vi tri trung tdm, mat do té bao tang dan
theo thdi gian twong tw nhw té bao trong
nhéom blank (Hinh 2, c6t G - DUA va
PTFE). Két qua quan sat ban dau cho thay
dich chiét khéng gay déc cho nguyén bao
sgi. Trong th® nghiém danh gia dinh
lwong, dich chiét tr G - DUA khéng cho
thdy bat ky anh huwéng tiéu cwc nao dén
kha nang tang sinh clia nguyén bao soi,
voi ty 1& té bao sbng twong duwong voi
nhém ching va vat liéu y té tham chiéu la
PTFE (Hinh 3). Két qua nay chirng té rang
glycine da loai bd hiéu qua Iwong
glutaraldehyde tw do, gidm thiéu nguy co
gay doéc. Hon nira, thtr nghiém danh gia
kha nang di trd cla té bao cling cho thay
dich chiét G - DUA khéng anh hwéng dén
qua trinh di trd cha t& bao, mot hoat déng
sinh Iy nén tang cho viéc tai tao mé (Hinh 4
A, B). Quan sat hinh thai hoc qua nhuém
H&E ciing xac nhan rang nguyén bao soi
c6 kha nang bam dinh va trai déu trén bé
mat gia thé, day 1a buwdc khdi dau quan
trong cho sy tich hop cua vat liéu céy ghép
v&i md chdi (Hinh 4 C).

Tuy nhién, nghién clru nay van con
mot s& han ché. Toan bd cac danh gia moi
chi dwge thye hién trong diéu kién in vitro.
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Mbi trwdng in vivo phirc tap hon rat nhiéu
v&i sy tham gia ctia hé mién dich, cac yéu
t& huyét dong va cac qua trinh tai tao mod
kéo dai. Thi nghiém ngam trong PBS chi
moé phdng mbdi trwdng dich co thé don
gian, trong khi méi trwéng in vivo thyc té
chtra nhiéu loai enzyme cé kha nang phan
hdy vat liéu. Viéc s dung enzyme nhw
collagenase, elastase, hoac Ilysozyme
trong thi nghiém in vitro cé thé cung cép
thdng tin gia tri vé tbc dd va co ché phan
hdy cua vat liéu dwdi tac déng cua cac
enzyme dac hiéu.

Dé danh gia toan dién tiém nang cla
G - DUA trong (*ng dung lam manh ghép
mach mau, can nghién ctru chi tiét twong
tac gitra G - DUA véi té bao ndi mé va té
bao co tron mach mau, cliing nhw anh
hwéng cha yéu tbé tang trwdng va stress
co hoc 1én té bao. Bén canh dé, kha nang
chéng huyét khdi va chéng viém cla G -
DUA ciing can dwoc tiép tuc danh gia dé
cé dwgc mot goc nhin toan dién vé vat
liéu nay.

5. KET LUAN

Két qua tlr nghién clru clia ching toi
cho thay viéc xt ly gia thé vd bao tir déng
mach cubng rbn  ngudi  bang
Glutaraldehyde (G - DUA) gép phan bao
ton dwoc d6 bén co hoc va kha ning
khang phan hady sinh hoc trong méi trvdng
in vitro sau 8 tuan th(r nghiém. Ddng thoi,
vat lieu G - DUA khong biéu hién doc tinh
va khoéng gay anh huwéng tiéu cuc dén sw
phat trién hay di trd clia nguyén bao soi.
Nhirng phat hién nay goi y rdng G - DUA |a
mot vat liéu tiém ndng, can dwoc tiép tuc
nghién clru va phat trién sdu hon cho tng
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dung ché tao manh ghép mach mau dwéong
kinh nhé trong twong lai.
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